$63 

,gnnouncing a new book that solves the problems of: 

© how to present ‘‘modern chemistry”’ in a way 
f that students can understand; 


TIT © how to include as well the necessary ‘‘classical”’ 
| material within the limits of a two-semester 
course 


=| First Year College Chemistry 


JOHN W. BARKER PAUL K. GLASOE 


Professor of Chemistry Professor of Chemistry 
Wittenberg College Carthage College 


An important new text providing all the facts and principles essential to the introduc- 
tory course. The book firmly grounds the student in the orderly nature of Chemistry 
through an inductive study of electron configuration, the role of electrons in the Periodic 


th 497 pages Classification, and their behavior in chemical reactions. 


A unique two-part division of each chapter permits reading and problem assignments 
to fit students’ varying abilities. Clear terminology, a wealth of problems and drawings, 
yrk and the concise organization of the material complete the features designed to aid both 
the student and teacher. For today’s college course in general chemistry, this is an excel- 
lently designed text. 


LAB 
ORATORY MANUAL | GENERAL LIBRARY 


JOHN W. BARKER and PAUL K. GLASOE bt NOW 17 29h) 


Following the subject matter of the text, FIRST YEAR 
COLLEGE CHEMISTRY, this Manual—in its first half 
—studies the chemistry of some important non-metals and 
the demonstration of chemical principles. The second half 
deals with qualitative analysis of both cations and anions. 


Send 


McGraw-Hi.t Book Company, INc. 


reel 330 WEST 42ND STREET NEW YORK 18, N. Y. 


st. James 
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YOU BENEFIT FIRST through the ready avail- 
ability of ‘Baker Analyzed’ Reagents. Well- 
stocked Laboratory Supply Houses at 75 strategic 
points of service are ready to take care of your 


requirements of ‘Baker Analyzed’ Reagents. 


YOU ALSO BENEFIT because you're served by 
distributors of the highest type—the finest outlets 
of the industry. Because they are the leaders, they 
believe in quality. They know the value of ‘Baker 
Analyzed’ Reagents with the “‘actual lot analysis 
on the label.” 


We urge you to specify ‘Baker Analyzed’ when 


Analysed 


“tt Analyzed’ 


How you benefit from Bake} 
- laboratory supply house 
distribution system 


you need laboratory chemicals, and to send your 
order to your favorite supply house. All Baker 
distributors are in a position to give you quick, 


efficient service. 


The Baker distribution system is designed to give 


you what you want when you want it. 


FREE DISTRIBUTION MAP 


Showing 75 Points of Service With Names of 
Laboratory Supply Houses. Write for yours today. 
Address Dept. 1160, J. T. Baker Chemical Co, 
Phillipsburg, New Jersey. 


“Ker Anatyzed 
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Sodium - Ydrofluoric Acid 


A.H.T. CO. SPECIFICATION 


AIR DRIVEN STIRRING APPARATUS 


OF SIMPLE DESIGN AND HIGH TORQUE, ESPECIALLY AT LOW SPEEDS 


These Air Stir- 
rers replace, for 
many purposes, 
stirrerswithelec- 


tric motor drive. 


9224-B. 


AIR DRIVEN STIRRING APPARATUS, A.H.T. Co Specification. Of simple design and high 


torque, especially at low speeds; with piston drive, for operation at variable speeds by means of com- 
pressed air or vacuum. Operates on pressures as low as 2 lbs. Recommended particularly for use in 
laboratories where volatile liquids or explosive vapors make hazardous the use of many electric stirrers. 


The piston drives a sturdy machined flywheel, 3'/, inches diameter, and attached stirrer shaft. Air 
under positive or negative pressure reaches the piston chamber through a hollow tube, 4 inches long, 
X */,-inch o.d., by which the apparatus can be attached to ordinary support stands. The adjustable 
chuck takes metal or glass rods ‘/,-inch diameter. Rubber tubing '/,-inch bore can be used to connect 
the Stirrer to pressure or vacuum source. 

Maximum speed, without load, at 15 lbs. air pressure is approximately 2500 r.p.m. which can be re- 
duced by changing the pressure at the source. Requires approximately 1.3 cu. ft. of compressed air 
per minute at above speed. Will mix 4 liters of Aluminum Hydroxide 10% solution thoroughly in a 
4 liter beaker using 15 lbs. air pressure. 


9224. Stirring Apparatus, Air Driven, A.H.T. Co. Specification, as above described, with adjustable chuck and stirring rod 
of Monel metal 9 inches long with propeller 1'/, inches diameter 


9224-A. Ditto, with adjustable chuck but without stirring rod 


9224-B. Ditto, without chuck or stirring rod but with shaft, 7/3:-inch diameter, extended approximately 2 inches for affixing 
stirring rods by means of rubber tubing secured by wire, etc. As suggested by the Squibb Institute for Medical 
Research. Its use increases personal safety and permits the stirrer to be used either remote from, or at an angle 


~ or 10% discount in lots of 12, singly or assorted. 


ARTHUR H. THOMAS COMPANY 


RETAIL—WHOLESALE—EXPORT 


LABORATORY APPARATUS AND REAGENTS 
WEST WASHINGTON SQUARE, PHILADELPHIA 5, PA., U.S.A. 


Cable Address “‘Balance,” Philadelphia 
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Ready in January 


TEXTBOOK OF ORGANIC CHEMISTRY 


The New Third Edition 


by GeorGeE Houimes RicuterR, Dean of the Rice Institute and Professor of Organic Chemisty 


George Holmes Richter’s Textbook of 
Organic Chemistry has, since its first edition, 
been set apart from the majority of other 
textbooks i its thorough treatment of the 
Jundamentals: nomenclature, theories, syn- 
thesis, and reactions. The great advantage 
of Dr. Richter’s book lies in the fact that it 
does not try to “water down” the subject for 
beginning students but presents it in its true 
perspective. 


PRINCIPAL CHANGES IN THE 
THIRD EDITION 


Theoretical consideration of the elec- 
tronic configurations of elements expanded. 

The treatment of molecular orbitals in 
reference to the sigma and pi components of 
double bonds included. 

A discussion of nuclear structure and of 
isotopes of significant interest to organic 
chemistry added. 

Such theoretical topics as the following 
introduced: the mechanism of reactions of 
unsaturated systems; resonance phenomena 
of aldehydes, ketones, acids, tautomeric sys- 


tems, aromatics, and dyes; hydrogen boné: 
ing; transition state theory of reactions; the 
Walden inversion; — pi complex theory of 
aromatic nuclear reactions; 


color in dyes 


the biosynthesis of sugars. 


The division of nomenclature expandedf | 


to include the newer conventions relating t 
the optical nomenclature of sugars and amin 
acids. 

The section on synthesis enlarged to de. 
scribe the preparation of a variety of iso. 
topically labeled organic compounds. 

New reactions introduced including: 


vinylation by acetylene; the Leuckart reac§ 


tion; Ziegler bromination; crossed Canniz. 
zaro reactions; the oxo process; the Map 
nich reaction; reductions with lithium alumi. 
num hydride; the properties of copper chro 
mite catalysts. 

New products discussed including: sil: 
con polymers; DDT; 2,4-D;__ benzidrine 
chloromycetin; cortisone; vitamin E; pal 
udrine; phenothiazine; penicillin; thiouracll. 


Approx. 800 pages Prob. $7.00 


New and Forthcoming. 


FUNDAMENTAL PRINCIPLES OF 
POLYMERIZATION: Rubbers, 
Fibers, Plastics. 


By G. F. D’AteEut0. An authority on polymer 
chemistry treats. fundamentals and basic industrial 
processes. Ready,jn Fan. Approx. 477 pages. Prob. 
$6.00. 


PHYSICAL BIOCHEMISTRY 


Second Edition. By Henry B. Butt. The sec- 
ond edition is up-to-date with a set of problems and 
answers at the end of each chapter. /95/7. 355 pages. 
$5.75. 


RADIOACTIVITY APPLIED TO 
‘CHEMISTRY 


Edited 4y Artuur C. Want and Norman A 
Bonner. senior-graduate-level textbook that 
shows the possibilities of applying radioactivity m 
chemistry and describes the work that has been done 
1951: 604 pages: $7.50. 


AN INTRODUCTION TO ORGANIC 
CHEMISTRY 


Seventh Edition. By the late ALEXxANDE 
Lowy, BenyamMIn Harrow, and Percy M. Apfel 
BAuM. An up-to-date and readable introductofy 
texthook with emphasis on basic facts; long a favor 
ite in the field. /95/7. 480 pages. $5.00. 


Send for copies on approval 


‘JOHN WILEY, & SONS, Inc. 


440 Fourth Ave. 
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A POWERFUL WETTING AGEN 


@ CLEANS & BRIGHTENS— 


Laboratory Glassware, Surgical Insgiy 
ments, Porcelain and Metal Equipme 


@ ELIMINATES— 
Tedious Scrubbing and Loss of Time 


@ PENETRATES— 


Loosens Frozen Glass Joints 


@ BLOOD SOLVENT— 
Removes Dried Blood and Fat from Glag 


Es. A LCONOX is based upon an entirely new principle of dual 


WETTING AGENT 


HOSPITAL. CLinicAL 
and INDUSTRIAL 
LABORATORY WARE 


“ALCONOX INC. 


JERSEY CHV 4, N. J. 


ALCONOX contains no soap, yet will 
water of any degree of hardness, wi 
cium film. It removes grease, fat, grit, tissue and blood easy 
is non-poisonous, odorless and non- -irritating to skin a 


tissues. 
ALCONOX 


Used by Hundreds of Nationally Known Institutions 
Hospitals, and Industries to clean 


GENERAL LABORATORY EQUIPMENT 
Instruments Frozen Glass Stoppers 


and Stop Cocks 
Needles Slides 


Rubber Tubing Cover Glasses 
Operating Knives Pipettes 

Face Masks Graduates 
Anesthesia Equipment Test Tubes 
Sterilizers Filters 


CONSIDER THESE ALCONOX ADVANTAGES 
REMOVES DIRT, BLOOD, TISSUE FROM GLASS, POR 
CELAINWARE AND SURGICAL INSTRUMENTS 
—makes them sparkling clean, film-free and streakless. 
WORKS EQUALLY WELL IN HARD OR SOFT WATER 
—dirt, grime, grease, etc., lift right off. 

SAVES TIME, SAVES ENERGY 

—simply wash and rinse; towelling practically unnecessary 
ECONOMICAL 

—a spoonful makes a whole gallon of active cleaner. 
RECOGNIZED AND ACCEPTED 

types of instruments and equipment. 

PROMINENT GLASS MANUFACTURERS 


—recommend ALCONOX for ampoule and laboratory glasswatt 
washing. 


STANDARD SCIENTIFIC SUPPLY CORP. 


34 West 4th Street 


New York 12, N. Y. 
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The Sargent-Slomin Electrolytic Analyzers have 
through long service proved their value to analysts. 
Each unit is mounted within a case consisting of one- 
piece stainless steel panel, beaker platform and apron 
with sturdy end castings. All models are completely 
self-contained and operate from 50-60 cycle electric 
circuits — no auxiliary generators or rheostats are 
required. 

The two position analyzers consist of two complete, 
independently operating analyzer circuits. Duplicate or 
check analyses can be run at the same time or two dif- 
ferent analyses can be run simultaneously at different 
current densities. 

The central electrode is rotated by a new capacitor 
type induction motor, operating at 550 r.p.m., especially 
engineered for this application. Under development 
for five years, this motor has been thoroughly tested 
and approved for continuous operation. Fully enclosed 
for protection against corrosive fumes—the shaft, sleeve 

ings, and cap are made of stainless steel. 

Outstanding features of this rugged motor are: 

_ Greater output than any motor of similar characteris- 
tics and size. 

No internal switches or brushes. 


No “permanent” magnets — full output for long 
service life, 


SARGENT 


Designed for continuous trouble-free performance 


* Immediate shipment 
from stock 


FOR HIGH SPEED 
QUANTITATIVE ANALYSIS OF 


Ferrous and non-ferrous metals and alloys. 
Electroplating solutions and electro-deposits. 
Ores and minerals. 

Metals in biological materials. 
Metals in foods, soils, etc. 
Forensic materials. 

Micro and semi-micro specimens 


No speed change with change of load. 


All parts of the new electrode chucks are made of 
stainless steel. A simplified design utilizes a positive 
retaining spring which permits quick, easy insertion of 
the electrodes and maintains proper electrical contact. 

These new analyzers used with the specially designed 
high efficiency corrugated electrodes rapidly produce 


smooth, close grained deposits at maximum current 
density. 


S-29460 ELECTROLYTIC ANALYZER — Sargent-Slo- 
min, One Position. For operation from 115 Volt, 50-60 
cycle circuits $275.00 


S-29465 ELECTROLYTIC ANALYZER — Sargent-Slo- 
min, Two Position. For operation from 115 Volt, 50-60 
cycle circuits $415.00 


$-29632 ANODE—Platinum gauze, Corrugated Form, 
High Speed. (Patent pending). Price subject to market. 


S-29672 CATHODE — Platinum gauge, Corrugated 
Form, High Speed. (Patent pending.) Price subject to 
market. 


SCIENTIFIC LABORATORY INSTRUMENTS APPARATUS CHEMICALS 
E. H. SARGENT & COMPANY, 4647 W. FOSTER AVE., CHICAGO 30, ILLINOIS 
MICHIGAN DIVISION, 1959 EAST JEFFERSON STREET, DETROIT 7, MICHIGAN 
SOUTHWESTERN DIVISION, 5915 PEELER STREET, DALLAS 9, TEXAS 
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PERFORMS A WIDE VARIETY OF ff 
TIONS — Neutralization, Oxidatiogs 
duction, Precipitation, Complex-Fg 
tion and other types. 


NO SPECIAL TRAINING !S REQUIRE 
rapid and accurate titrations can m 
ily be performed without special 


Now-simpler Faster, Automatic Titrations! or 


QUICK, SIMPLE OPERATION —comply 
many routine titrations in only im 
minutes —even titrations to 0.1% am 
racy in 22 minutes or less. Change 
sample is simple, rapid—a single mam 
raises, locates and secures new 
in operating position. 


Here’s another new Beckman ad- ; CONVENIENT, VERSATILE, ADAPTAR 
0° to 100° C temperature comp 
vancement in instrumentation — an in- tion... adjustable holder accos 


strument that runs your titrations for om 

you. It’s the Beckman Automatic Titra- with all standard burettes dows t0§ . 

tor—the instrument that makes accu- al. Sout 
odated by single amplifier 

rate titrations more rapidly and con- 


electrodes . . . electrode holders 
veniently than by manual methods. delivery tip con be pial 


required position... ample provi 
for mounting heatimg devices or Ot 


special equipment. 
, _ SIMPLE OPERATION: In a such as preparing samples, or calculating ALSO A RELIABLE pH METER—the Ram 
series of titrations, simply fill the burette, results. man Automatic Titrator can also 


used as an AC-powered pH meter 
give accurate readings over the 
0 to 14 pH, as well as millivolt me 
ings from —600 to + 1400 mv. 


place the sample in the beaker—and the . 
Beckman Automatic Titrator takes over from 
there. Raising the beaker holder into posi- E : 
searts the sticrer dit objective, reproducible results... 
begins delivering titrating solution into the eliminates errors due to personal factors. 
sample. blt provides time-saving conveniences for 
A special circuit electrically anticipates sample handling. 
the approaching end point, scaling down 
delivery of the titrating solution in progres- 
sively smaller increments to assure a highly 
accurate titration. When the end point is 
reached, delivery of the titrating solution 
stops and a light shows com- 
pletion of the titration—a// 
automatically and without at- 
tention from the operator. 
Whether your laboratory 
is large or small the Beckman 
Automatic Titrator provides 
important advantages in your 
titrating operations... 


bt eliminates the fatigue caused by close 
observation required in manual procedures. 


> It releases the techniciaw dur- 
ing titration, enabling him 


to perform other operations 


tatories, 
developm 
new and i 
Handling 
Some 


For full details on this new Beck- 
man instrument see your authorized 
Beckman dealer— or write direct. 


Beckman Instruments, Inc., South Pasa- 
dena 36, California. 


Factory Service Branches: 
NEW YORK — CHICAGO — LOS ANGELES 


\& 


BECKMAN INSTRUMENTS 


control modern industries Instraments inciede : pli Meters and Electrodes — Spectrophatometers — Radioactivity Meters — Special Instrum 


. JOURNAL OF CHEMICAL EDUCATION, NOVEMBER, 1951 | "lease m 


ies! 
| 
é 
AR 
. 


Asa service to scientific and clinical labo- 
tatories, Kimble Glass after months of 
development and research has prepared a 
and informative book, Care and 
Handling of Glass Volumetric Apparatus.” 

Some of the subjects of vital interest to 


KIMBLE 


Please mention CHEMICAL EDUCATION when writing to advertisers 


How get best results with Glass Volumetric 
Apparatus...described in rhis new bo0k 


volume of a glass vessel from apparent 
weight of liquid; volumetric calibration. 


laboratories are: a short history and ex- 
planation of the metric system of weights 


and measures; how to clean apparatus; 
how to read the meniscus; how to fill and 
empty flasks, cylinders, burettes, pipettes ; 


If you will mail the coupon below, 
Kimble will be happy to send you, without 
cost or obligation, your copy of this in- 


formative book. 


gravimetric calibration; calculation of 


Kimble Glass, Division of Owens-Illinois Glass Company 
Toledo 1, Ohio 

Please send my copy of the new Kimble book, 

“The Care and Handling of Glass Volumetric Apparatus.” 


Name. 


Address 


State. 


GLASS TOLEDO 1, OHIO 


Division of Owens-Illinois Glass Company 


City 
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You are invited to reserve a copy of the 
completely new Sixth Edition of 


THE INDEX 


Mail Form Promptly to Reserve Your Copy of 


THE MERCK INDEX ot Special Prepublication Price 


MERCK & CO., INc.: Send me the new Sixth Edition of 
THE MERCK INDEX of Chemicals and Drugs for 10 days’ 
free examination. 


SPECIAL PREPUBLICATION PRICES 
CHECK ONE 


$7.00 Regular Edition $7.50 Thumb-Index Edition 
After examination I will remit in full, plus 40¢ 
ping cost, or return book and owe nothing. 


( Check here if payment is enclosed, and MERCK & CO., INC. 
prepays shipping charges. Same return and refund privilege. 
Offer limited to prompt acceptance : 


OF CHEMICALS AND DRUGS 


Fully cross-referenced, listing chemical, trade, 
and common names to guide the user quickly and 
accurately to the exact information needed. 


OUTSTANDING FEATURES: 


© Supplies the chemist, pharmacist, physician, dentist, vet. 
erinarian, botanist, and members of allied professions with 
a wealth of readily available and dependable material. 

© Approximately 20,000 names of chemicals and drugs 
alphabetically arranged and completely cross - indexed, 
(User can find any listing by looking under either the trade, 
chemical, or common name.) 

® Each main entry indicates the preferred chemical name 
and other chemical names, common or popular names, 
generic and trade names, thoroughly cross-indexed. 

© Structural formulas drawn according to mod- 
ern practice, reproduced from actual drawings 
including numbering systems, are three times 
more numerous than in the Fifth Edition. 

® Sources, methods of preparation, physical 
and chemical properties of substances, with 
literature references, are given, followed by an 
indication of uses, industrial, medical, and 
veterinary. 

® Hazards, toxicities, and other safety factors 
are mentioned. 

® Indication is given of commercial availability 
and grades, such as U.S.P., N.F., reagent. 

© Empirical formulas, molecular weights, and 
percentage composition are given for all sub- 
stances having a definite chemical structure. 


© Almost 100 pages of valuable appendices. 


Take advantage of PREPUBLICATION OFFER 


$7.00 Rreguiar Edition $7.50 thumb-index Edition 
(IN CANADA: $8.00 AND $8.50, Canodion Funds) 


THE MERCK INDEX OF CHEMICALS AND DRUGS is seat 
prepaid when remittance accompanies reservation; the book may be 
returned in 10 days for full credit if you decide not to keep it. Or you 
may examine it for 10 days without fa ty ms but in that case you 
pay shipping charges of 40¢ if you decide to keep it. 

Kindly add applicable sales tax to remittance in the following 
areas: Ala., Calif., Colo., D. C., Okla., Tenn., Utah, Wash.; Los 
Angeles, Denver, New York City; Erie County, N. Y. 


MERCK & CO., ING 
Manufacturing Chemists 
RAHWAY, NEW JERSEY 


In Canada:/ MERCK & CO. Limited— Mont 
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PRECISION GLAss TUBING GAUGES 


Model #50-773 Glass Tubing Gauge, Precision Micrometer type for inside measurements from 
-O1l to 5 mm. A highly efficient and absolutely accurate glass tubing gauge. Highest precision 
workmanship, nickel steel. Needle of specially hardened steel. Micrometer scale with vernier permits 


Vete direct readings to .01 mm. Furnished with metal cap to protect needle point when not in use. 

with Complete F.0.B. New York, N. Y. $8 .00 
<9 Mode! 450-775 Glass Tubing Gauge, for inside measurements. Fabricated from specially hardened 

rugs steel, with sharp, clear-cut engraved scale (not to be confused with gauges of soft metal alloys with stamped 

xed. scale). Permits direct inside measurements from 1 mm to 15 mm. Graduated to.1 mm. 

ade, F.0.B. New York, N. Y. $4.00 

mes, Now ... get a firm, lasting grip on small objects... with this new 

wk AUTOMATIC PICK-UP TWEEZER 

ings CAN BE :STEAM-STERILIZED AND BOILED NIE 

imes 


The Automatic Pick-Up is the size of an automatic pencil and is provided with a pencil clip for pocket 
storage. Depressing the top cap causes three strong hooked spring steel wires to extend from the tip 
permitting them to flare out uniformly. Releasing the pressure on the cap causes them to withdraw toward 
the tip and close together. Any object within their grasp is thus firmly held until released by again 
depressing the cap. The wire fingers are extendable up to % inch between tips. 

This size device has a myriad of useful applications in the laboratory. It can be used to pick up odd 
shaped or small objects difficult to grip otherwise, and small sterilized objects where finger handling is 
objectionable. It is ideal for holding fractional weights, crystals and small vessels, etc. Its automatic 
closing makes it useful for lengthy gripping of an object, such as holding wire in difficult or awkward 
positions for soldering. It can perform many of the operations of a tweezer without requiring continued 
pressure. 


No. 36-601 Automatic tweezer of stainless steel, F.O.B. New York, N.Y. $2.25 


New—Improved DIAMOND 
GLASS AND CERAMIC MARKING PENCIL 


FEATURES : 

* Diamond permanently cast in pure Beryllium  ° Produces a sharp, clear mark without undue 
Copper mount pressure 

* Diamond cannot fall out—long lasting ® Superior to commercial types 


° FE se hexagonal shaped aluminum handle for ° Inexpensive and most efficient 


and convenience 


No. 66-181 Pencil, diamond, as described. F.O.B. New York, N. Y. $2.50 


“SEE OUR EXHIBIT” 


Yow ar our eh E.Macutett & Son 


23rd Exposition of Chemical Industries ESTABLISHED 1897 


Grand Central Palace, New York, N. Y. 
NOV. 26 TO DEC. 1, 1951 Laboratory APPARATUS + SUPPLIES « CHEMICALS 
Please write to tell us the number of ad- 
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STAINLESS STEEL 
BEAKERS 
with POURING LIP 


Designed for the utmost in functional service. 
The culmination of experience and experi- 
ment, simply what you have wanted 

—the most generally useful shape 

with a lip that forms a steady, 


firm flow—and NO AFTER DRIP. (GRIFFIN LOW FORM) 


The Ultimate in 


e Design e Utility e Durability 


Highly resistant to most reagents, for 7 Depth ran 
extensive use throughout the laboratory. 50 ml 13/,in, $1.20 


125 ml in, 1.55 
250 ml 2% 23/, in. 2.10 
18-8 stainless steel in gauges propor- 600 ml 43/, in. 2.75 
tioned to capacity—with EXTRA large 1200 ml / 55/s in. 3.10 
2000 ml 6'/, in. 4.10 
3000 ml 67/s in. 4.75 
4000 ml 31/y 77/s in. 5.45 4.90 


Strong and durable, fabricated from 


measure of strength to eliminate de- 


formation in hard use. 


Insist on the Stainless Steel Beaker with No. CE-2143 Stainless Stee! Beaker with Pouring lip 


ARTHUR S$. LaPINE AND COMPANY, L pin {= 121 W. HUBBARD ST., CHICAGO 10, III. 
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THE BIG NEW 1951-52 


A COMPLETE BUYERS’ GUIDE FOR 
USERS OF LABORATORY REAGENTS 
AND FINE CHEMICALS 


+ For Manufacturing Control Laboratories 


+ For Production Requiring Quality Chemicals 


) % For Process Planning and Development 
%& For Research Laboratories 
%& For Educational Laboratories 
Just off the press—Baker & Adamson’s 
. Lats new 1951-52 Catalog is profusely illus- 
rach \3 trated ... packed with 264 pages of 
1.10 \ important information. Gives clear, 
concise data on over 1,000 B&A Laboratory Reagents and Fine 
L, Packed with helpful information Chemicals! Includes such pertinent facts as grades, strengths, 
1.90 STORAGE AND HANDLING: Special section gives maximum limits of impurities, etc. If you buy or specify labora- 
2.50 helpful “do's and don'ts” on handling tory reagents, this new 1951-52 B&A Catalog belongs on your 
2 chemicals that require extra precautions. desk. Send f. d 
2.80 PACKAGING SECTION: Exclusive new feature— 
photographs and full details on major B&A . 
3.70 packaging, including: ...the “PBL” Drum 
F with polyethylene liner, the 9-bottle case 
the “Saftepak” plastic dispenser for HF, 
BAKER & ADAMSON PRODUCTS, General Chemical Division 
ALLIED CHEMICAL & DYE CORPORATION 
DATA: Over pages 40 Rector Street, New York 6, N.Y. 
i other pertinent dat f ts, Adam Reagents 
also on many Fine Chemicals. say page catalog of Baker & son and 


& OT Reagents ine emicais 
| 
j 
Tod today. Free to all qualified 
12-11 
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Mellor & = MODERN INORGANIC CHEMISTRY 


Parkes By the late J. W. Mellor. Fourth Edition, revised and enlarged by G. D. Parkes, 
Oxford University. 1951. 967 pages. 226 figures. $5.00. A completely 
reset revision of this well-known advanced general chemistry. 


Vogel PRACTICAL ORGANIC CHEMISTRY 


By Arthur Vogel, Woolwich Polytechnic. Second Edition, ready Dec. 1951. 
1056 pages. Figures. About $8.50. Especially strong on methods and tech- I 
niques, a general survey of the subject for somewhat advanced students. 


Alexander SURFACE CHEMISTRY Head 
By A. E. Alexander, New South Wales University of Technology. 1951. 70 EI 
pages. 34 figures. 2 plates. $1.40. An introduction to principles and appli- he 
cations, covering historical development, insoluble monolayers, adsorbed cal le 
films, gas-solid and the solid-liquid interfaces, and electrical phenomena at clude 
interfaces. deve 

| 

Partington ADVANCED TREATISE ON PHYSICAL CHEMISTRY 

By J. R. Partington, University of London. In five or six volumes. 
for 
Vol. I: Fundamental Principles, and The Properties of Gases. 1949. 943 majo 
pages. Illustrated. $16.00. : ists, 
Vol. Il: The Properties of Liquids. 1951. 448 pages. Illustrated. $10.00. ro 
ol mi 
Vol. Ill: The Properties of Solids. Ready, Spring 1952. About 500 pages. up ¢ 
Illustrated. About $10.00. equi 
cedur 

Dyson A SHORT GUIDE TO CHEMICAL LITERATURE An 

texts 


By G. Malcolm Dyson. 1951. 144 pages. $2.00. A guide to the literature 
of chemistry for students and research workers, giving examples of the types 
of literature; special attention is paid to compendia and encyclopaedias, to 
chemical journals, textbooks and other forms of scientific communication, 
citing methods used for making searches in the literature. 


Longmans, Green and Tue. 


55 FIFTH AVENUE NEW YORK 3, N. Y. 


‘ 
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AL STYERMARK, Ph.D. "8S of apparatus 
Head, Microchemical Dept., Hoffmann-La Roche Inc. ed. Ow 


ERE is a practical, usable book by the 


head of one of the largest microchemi- ale ey 
cal laboratories in the country. He in- " Follows each chapter 
cludes standard analyses plus those Writings 
developed by him in his own laboratory Yas January, 195) 
and recommended for consistently re- y 
liable results. teaching add 
Written for use as a text and reference ™ Eliminates tim ere 
for graduate students and chemistry in details—iets tha 
majors, industrial and research chem- or laboratory 
ists, it gives both the “‘why and how” elds tress ime to im 
—the theory and practical applications tical ap wae and their prac. 
of microchemical analyses—from setting 
up a microchemical laboratory and 155 J, 
equipping it to actual step-by-step pro- 42 Tables 389 PD 
cedures and directions for analyses. a 
An excellent contribution to the few *7 00 
texts in the field! 
The Blakiston | Wee This 
me a copy of Steyermark’s ‘“‘Quantitative Organic Micro- Hand 
Company teachers’ examination personal use Coupon 
: to Order 
School Your Copy 
4 City Zone State 
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The Why and How FEATURES 
[py Af, ® Even Minute Manipulative de- 
& tails Written jn €asy to under. 
Ai the Student, technician op chem- 
Standing 
SSE } tn 


Reagent Chemicals | 


C & B Reagent Chemicals are manufactured to meet 


definite standards of purity ... standards which have been 
set up to insure products suitable for research and analytical ) 
use. These standards are based upon the publications of the : 
Committee on Analytical Reagents of the American Chemical } 
Society and our own experience of over thirty years in the 
manufacture of fine chemicals. 
‘ 
C & B Products are Distributed by Laboratory and Physician MOL 
Supply Houses throughout the World. tres 
ieive 
MOD 
Write for Copy of our Catalog poe 
watts. 
MOD 
THE COLEMAN & BELL CO., Inc. ne) 
Manufacturing Chemists: NORWOOD, OHIO, U.S.A. wet. 
enamel 
REAGENT CHEMICALS - BIOLOGICAL STAINS 
INDICATORS — SOLUTIONS — TEST PAPERS 
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Sodium Chloride, €:?.. 
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The Coleman & Bell Co., Norwood, USA 
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THERMO 
CONTROL 


with automatic, hydraulic 
electric thermostat. Re- 
sponse sensitivity + ¥2°C. 


POLISHED 
STAINLESS STEEL 


These De-Luxe ovens are the result of superb engineering, the finest of workmanship and 
materials. Designed to withstand maximum abuse, they are ideal for analytical labora- 


tory and general chemical work involving baking, drying, conditioning, pre-heating, and 
many other laboratory jobs. 


CONSTRUCTION—Outside housing, door and 
base are made of beautiful shining No. 4 finish Stain- 
less Steel (T: ype 302, 18-8). The inside working 


HEAT CONTROL—Sensitive, powerful, automatic 
hydraulic electric thermostat conveniently mounted on 
front allows easy setting of temperatures. Graduated 
for Fahrenheit and Centigrade readings; response se:si- 


chamber is ma 


le of No. 2 finish Stainless Steel ft pe 
302, 18-8). Two adjustable shelves of electro-polished 
Stainless Steel Wire. 

INSULATION—AIlll six sides insulated with 11” 
layer of fiber glass wool in Models AN-4440 and 
AN-4400, and 21%” layer in Models AN-4500 
and AN-4480. Keeps heat loss at a minimum and 
outer surfaces cool even after prolonged use. 
VENTILATION—intake ports at bottom allow fresh 
air to enter. Double exhaust ports at top, with Stainless 
Steel slides, contro! exhaust fumes. 


tivity +14°C. 

HEATING ELEMENT—Heavy Nichrome V re- 
sistance wire, spread over entire base of inside chamber. 
Positive temperature uniformity assured. 

DOOR—Fully insulated, hung on a continuous hinge 
and fitted with a fool-proof fateh designed to insure 
safety. Exclusive dovetail design gives positive seal. 
PILOT LIGHTS—Red neon light denotes unit 
operation, green neon light for thermostat operation. 


MODEL AN-4440 — A most popular oven, 12” x 12” x 12” inside. Tempera- 
tures to 232 deg. C. (100 to 450 deg. F. range). Two adjustable Stainless Steel 
shelves, 6-foot cord and plug. For 110 volt, 60 cycle, single phase A. C. currens. 
MODEL AN-4460 — Same as AN-4440, but 110 volt D.C......... $127.50 


MODEL AN-4420 — Same as AN-4400, but 110 volts, D. C....... .. $85.00 
MODEL AN-4480 — A DeLuxe, large size, high temperature oven, 18%" x 
1734" x 1434" high inside. Temperatures up to 288 deg. C. (100 to 550 deg. F. 
range). Two adjustable Stainless Steel shelves, thermometer, terminal block for 
electrical connections. For 110 volt, 60 cycle, single phase A. C. current. 1750 
MODEL AN-4490 — Same as AN-4480, but for 290 volt, 60 cycle, single 
MODEL AN-4500 — Similar to AN-4480. Stainless Steel interior but baked 
enamel exterior, and aluminum coated shelves. For 110 volt, 60 cycle, single phase 

ODEL AN-4510 — Same as AN-4500, but for 220 volt, 60 cycle, single phase 
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Wodels FURNISHED WITH BUILT-IN TIMER SWITCH 
(1 MINUTE TO’1 HOUR) $10 additional. 


SCHAAR & COMPANY 


TEMPERATURE RANGES UP 
TO 550° Fahrenheit 


Murgatroyd 


ATION 


754 W. LEXINGTON $ 
CHICAGO 7, ILLINOIS 
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L AN-4400 — New, small size — only 8” x 8" x 8" inside. lemperatures fig ; ee 
to 204 deg. pa ie to 400 deg. F. range). One Stainless Steel shelf, thermometer, Be 
6-foot cord and plug. For 110 volt, 60 cycle, single phase A. C. current. 500 cert 
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These streamlined Torsion Laboratory Balances 
are equipped with a specially designed oil damper 
_which enables readings to be made quickly. Their 
sensitivity is greater and longer lasting because 
there are no knife edges to wear —the entire 
weighing mechanism is practically one piece: 
therefore there are no parts to wear and affect 
adjustment and accuracy. The balances are 
equipped with non-corroding torsion bands imade 
of an alloy that is completely corrosion resistant, 
and which has constant torsional properties over a 
wide temperature range. The complete working 
mechanism of the balance is corrosion resistant. 


HARSHAW SCIENTIFIC 


DIVISION OF THE HARSHAW CHEMICAL CO. 


CLEVELAND 6, OHIO 


i 


H-2673—Torsion Balance (Torsion Balance 
Co. Model IL-3). Capacity, 200 grams; sensi- 
tivity, 1/100 gram; beam: double graduated, 
upper 1 gram by 1/100 gram; lower 10 grams 
by 1/100 gram. Pans are stainless steel, 5” 
diameter. Metal case with corrosion resistant 
grey wrinkle finish. Positive acting arrest for 
quick weighing. Each .... . . $130.00 


H-2671—Torsion Balance (Torsion Balance 
Co. Model IL-5). Capacity, 500 grams (16 0z.); 
sensitivity, 15 mg. (4 gr.); beam: double 
graduated, lower 10 gram by 1/10 gram, 
upper 150 grain by 1 grain. Pans are stainless 
steel, 5’’ diameter. Metal case with corrosion 
resistant grey wrinkle finish. Positive acting 
arrest for quick weighing. Each . . $120.00 


H-2652—Torsion Balance. (Torsion Balance 
Co. Model IL-1). Capacity, 414 kg. (10 Ibs.); 
sensitivity, 1/10 gram (1% gr.); graduated 
beam: 100 grams by 1/10 gram, with two 
slide weights. Chrome plated pans, 9’’ diam- 
eter. Nickel plated case with plate glass top. 
Positive acting arrest for quick weighing. 


4 
(5, 
3 
| 
\ ela ston 11, 
1945-46, 0 How ly Row 
5 East hio 22 SupPlY 
st 66 
Ci 97 th St. 7 Calif. 
224.226 Ma. Ohio 3237 Gore! 
Vw 
18 
JOURNAL OF CHEMICAL EDUCATION, NOVEMBER, 


 NALYTICAL 


ADEMARK 


@ The chemist is one of the world’s most exacting buyers. He has to be.. 
his work often depends wholly upon the purity of the laboratory chemicals 
he uses. That’s why more chemists than ever. before choose from the over 


400. Mailinckrodt Analytical Reagents. 


MALLINCKRODT CHEMICAL WORKS 


Gotd Streei, NEW YORK 8, NY. 
tos Angeies 


Mallinckrodt $t., ST. LOUIS 7, MO 
Téfonto 


Chicago Cincinnati * Clevetand 
Philadetphia * San Francisco * Montres! 
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Grom classes 


Introductory College Chemistry, 


oth Ed. 


Harry Holmes 


The fifth edition of this text represents a somewhat more 
radical revision than usual, bringing it into line with 
present concepts of teaching chemistry. More emphasis 
is placed on the influence of size and structure of the atom. 
Hydrogen instead of oxygen is selected as the first element 


of study. Published in June—$4.75 


Referenee book of 
Inorganie Chemistry, 3rd Ed. 


W. Latimer & J. Hildebrand 

In the third edition, recent investigations in the field are 
included and the entire book brought up-to-date. The 
subjects of molecular structure are emphasized heavily. 
Oxidation-reduction potential diagrams are given for 
almost every element. Ready in November 


Introductory Chemistry 


Fundamentals of Semi-Miecro 


Lillian Meyer 

This book is addressed to freshmen who will take one year 
and very little more chemistry. It contains an introduc- 
tion to inorganic, organic, biochemistry, and textile chem- 
istry. Enhanced by a wealth of illustrations, this text is 
written in an informal, teachable style. Topics are 
selected to bring about a strong working knowledge of 
the science. Published in June—$5.00 


Qualitative Analysis, Rev. 


Erwin Kelsey & Harold Dietrich 

While the scope and level of the original edition have been 
preserved, both the theoretical and analytical sections of 
the book have been completely rewritten and modernized. 
The material included coordinates and extends the stu- 
dent’s chemical knowledge. Published in September—$4.00 


Principles of 
General Chemistry, 4th Ed. 


60 Fifth Ave. THE MACMILLAN CO. New York, N. Y. 


Stuart Brinkley 
In revision the experimental background of the funda- 
mental principles receives greater emphasis, the essential 
plan of organization remains the same, and greater use 18 
made of structural relationships with emphasis on the 
racticle nature of matter and the interpretation of the 
havior of substances in terms of these particles. Pub- 
lished in April—$5.00 
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The study of the structures of organic com- 

pounds has always been difficult to present to 
the student without the use of expensive models. 
The latest development for student study is a 

ear low-cost, compact set of models with which three- 

uc- dimensional representations of molecules can be 

easily produced. 

t is The set was developed according to the sug- 

are gestions of Professor George F. Wright and other 

of members of the department of chemistry of the 
University of Toronto. Colored wood balls repre- 
sent atoms; 1%” diameter coil springs represent 
multiple and cyclic valence bonds. Four holes, 
drilled at angles of 119° 28’ in the black carbon 
balls, allow formation of the tetrahedron postu- 
lated by van’t Hoff and LeBel; this arrangement 
permits showing diastereoisomerism and enan- 
tiomerism of substances such as lactic and tar- 
taric acid. 

Three lengths of springs include: 35 C-ali- 

phatic bonds, 1144”; 35 C-hydrogen bonds, 1” 

ida- 

itial 

se is 

the 

the 

Pub- 


Tulsa, Oklahoma 


Refinery Supply Company 
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(both aliphatic and hydrogen bonds correspond to 
bond radii of C-C and C-H as outlined by Pauling 
in Nature of the Chemical Bond), and 15 C-aro- 
matic bonds, 114” (for the formation of symmetri- 
cal benzenoid forms). 

The colored balls, 34” in diameter, include: 30 
Carbon (black); 30 Hydrogen (white); 12 Oxy- 
gen (red); 18 Halogens (green); 5 Nitrogen 
(orange); 5 Sulfur (yellow). The diameter of the 
holes permits use of cut household matches for 
rigid bonds in permanent models. 

No. 71307 Molecular Model set is sold com- 
plete with instructions for $5.00. 


CENTRAL SCIENTIFIC COMPANY 


Scientific Instruments 
1700 Irving Park Road - 


Laboratory Supplies 
Chicago 13, Illinois 


CHICAGO-NEWARK-BOSTON- WASHINGTON 

DETROIT - SAN FRANCISCO + SANTA CLARA 

LOS ANGELES - TORONTO + MONTREAL 
VANCOUVER 
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How PYREX Brand 
LABORATORY WARE 
Helps Cut 
Replacement Costs 


Tough, durable PYREX brand laborat 
the ad 


ding advantages of PYREX brand 
scientific blendin 
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\ ’ records kept by an Eastern Ollege, h 
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20 KG. Capacity 
1 Gram Sensitivity 
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Model 119 Heavy Duty 
Solution Scale 


® Unique Check Lever System .. . @ Base...Heavy cast-iron construction 


@ Beam...Cast-iron construction car- 
ries heavy loads without deflection 


tool steel knife edges throughout @ Graduated Beams .. . Stainless Steel 
etched 


ately notches on stainless @ Tare Poise . . . Locking for repeti- 
steel side bar at each graduation : tive weighings 


The rugged durability of this scale, together with its high capacity and 
SMsitivity, makes it adaptable to a great number of laboratory, scientific, 
Bgricultural and industrial uses. It may be obtained with iron or stainless- 
Meel platform; also, with animal box in either metric or avoirdupois 
Salibrations or a combination of both. 


MODEL 1195: Scale with 
heat, corrosion and chem- 
ical-resistant stainless steel 


platform. 
Price $100.50 Metric 


MODEL 120: Scale with 
Subject Box—box measures 
18” height, 12” width, 12” 
depth. For use in weighing 
animals. 

Price $113.70 Metric 
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SPECIFICATIONS 
20 Kg. 1 gram 100 gr. x 1 gr. 1000 gr. x 100 gr. | 2270 gr. |10Kg.x1Kg.| 11” $ 93.00 
45 Ibs. 1/16 oz. | 2 0z. x 1/16 oz. 2 Ibs. x 2 oz. S lbs. {20 Ib. x 2 Ib. tad 97.50 
45 Ibs. .002 Ib. | .1 Ib. x .002 Ib. 2 Ibs. x .1 Ib. Sibs. {20 Ib. x 2 Ib. i ad 101.25 
20 Kg. 1 gram 100 gr. x Igr 1000 gr.x 100 gr.| 2270gr. |10Kg.x 1 Kg.| 11” 136.50 
or or & & or & 
45 Ibs. 1/16 oz. | _ 2 0z. x 1/16 oz. 2 Ib. x 2 oz. 5 lbs. {20 Ib. x 2 Ib. 


OHAUS SCALE CORPORATION e 1050 neiaiiien Ave., Union, New Jersey 
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STAINLESS STEEL UTILITY CARY 


Ideal for Transporting Laboratory Equipment and Chemicals 


These sturdy carts, supporting up to 200 = and a guard rail on the other side. A guard x 
pounds weight, find dozens of uses in the __ rail 2', inches high is provided on all sides _ 
modern laboratory . . . save valuable time of the bottom shelf. All shelves are fully 


by freeing your personnel for more im- insulated to deaden noise. Four heavy-duty 
portant work. Use them to eliminate nu- _ swivel ball-bearing casters and a large, easy- 
merous trips to the stock room, autoclave, to-grasp handle make these carts easy to 
etc. Simply stack glassware, chemicals and maneuver. Shelves measure 1734 by 27 
equipment on the shelves and safely trans- inches. Over-all size, 18 by 30 by 32% 
port to the laboratory table or work bench. inches. Height to top surface, 3014 inches. 
Utility carts have also proved useful mobile 

supports for special or heavy equipment, Two Convenient Types ‘ j 


in various departments. center shelf, each............-.$54.50 
Steet West of Rocky Mountains, each.. 61.50 


The carts are made entirely of stainless JL51922—Same, without center shelf, for 
steel with riveted joints. In the three-shelf transporting tall equipment, such as 
type, the top and center shelves have a 5-gallon bottles, each........ . -$49.50 
2-inch rim on one side and at both ends West of Rocky Mountains, each.. 55,00 
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PRICE LIST 


emg Laboratory Flash Evaporator, All Glass, Pyrex 
rand, complete except for flexible tubing, spherical joint 
ps and thermometer. ea. $195.00 


C5170 Pinch Clamps, for spherical joints. 
No. 28 (two required) ea. $1.20 
No. 35 (four required) ea. 1.55 


23962 Thermometer, ‘¥ 10/30, 3” immersion 0-150° C. 
ea. $3.75 


aporization rates of 3 to 3.5 liters of water per hour at 
pressures of 75 to 100 mm. of mercury are obtained in the 
“porator. At normal feed rates, the vaporization rate 


A WS concentration to between one third and one half 


ne feed volume for each pass. 
‘tices of individual glass parts will be quoted on request. 


evaporation 


HEAT SENSITIVE SOLUTIONS 
WITH LABORATORY 
ALL GLASS FLASH EVAPORATOR 


Here for the first time is an all glass Flash Evaporator” ex- 
pressly designed for the laboratory and offered exclusively 
by the Emil Greiner Company at an unprecedented low 
price! 


Designed with the utmost care and experimentally verified, 
the Laboratory Flash Evaporator operates in principle in 
the same manner as modern industrial and pilot plant long 
tube or film-type evaporators. 


It is operated under reduced pressure to lower the tempera- 
ture of evaporation; in addition, the time of contact at 
evaporation temperatures is very short, reducing decompo- 
sition of heat sensitive materials to a low level. Hence, we 
recommend this apparatus highly wherever such considera- 


tions are paramount. 
*Bartholomew, W. H. Anal. Chem. 21 527 (1949) 


How It Operates 


The solution to be evaporated is fed from a 4 liter graduated separatory 
funnel, containing a constant head inlet tube, to a five-foot, long-tube 
heat exchanger containing a flow regulating stopcock at the bottom. 
Steam is fed into the top of this exchanger at atmospheric pressure 
causing the feed to flash under the reduced pressure maintained in the 
system. The equilibrium mixture of liquid and vapor resulting from the 
flash enter the cyclone separator after passing the thermometer at the 
top of the exchanger. An outlet is also provided between these points 
for a vacuum gauge to be inserted to observe the pressure. The liquid 
concentrate from the cyclone separator drains through a cooler to the 
2 liter concentrate container, while the vapors pass downward through 
a condenser to the 3 liter distillate container. The three-way stopcock on 
the heat exchanger provides means for re-circulation of the concentrate 
simultaneously with additional feed. 


The ground glass semiball joints used to connect the various sections 
provide structural flexibility. 


The EMIL 


20-26 N. MOORE STREET 


LIVER Co. 


NEW YORK 13, N.Y. 


{term St., West Roxbury, Mass.: 90 State St., Albany 7, N. Y.:2127 Fourth St., Berkeley, Calif.: West Coast Agoncy—Pacitic Laboratory Appliance & Chemical Co., 3555 Whittier Bivd., Los Angeles 23, Calif, 
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Scientist in Merck & Co.’s Research and Develop- 


ment Division is watching galvanometer scale in 


conjunction with use of Wenner Potentiometer in 
measurement of molecular weight. 


Merck uses Wenner Potentiometer 
in measuring molecular weights 


Merck & Co. chemists determine 
molecular weights of vitamins, hor- 
mones, antibiotics, and other organic 
substances by the exacting “boiling 
point elevation method”. Preci- 
sion of this determination depends 
upon the accuracy with which mi- 
nute temperature differences can be 
measured. To obtain the ultimate 
in precision, therefore, the Merck 
laboratory uses a Wenner thermo- 
couple potentiometer. With this 
instrument Merck researchers ob- 
tain temperature difference meas- 
urements consistent to within 
+0.0002 C. 


Since only a limited amount of ~ 


Ad EH22-33A-242(1) 


26 


unknown may be isolated for study, 
Merck adapts standard ebullio- 
metric procedure to high-precision 
microanalysis. Boiling point eleva- 
tion is determined in microvolts and 
then translated into temperature, 
which, when substituted in a simple 
formula, gives molecular weight. 


Wenner Measures Low Voltages 
With High Precision 


The Wenner Potentiometer is the 
ideal instrument for making highly 
precise measurements of the minute 
voltages encountered in this, as well 
as many other, exacting laboratory 
tests. e instrument embodies 


many special features to guard it 
fine accuracy. On its low rang, 
the Wenner is calibrated from 0 to 
11,111 microvolts, in steps of 0 
microvolt, and has a limit of errord 
only + (0.01% + 0.1 microvolt). 


For details about the Went’ 
Potentiometer, just write for Cat 
EH22-33A(1). Leeds & Northrup 
Company, 4976 Stenton Avent, 
Philadelphia 44, Pa. 


LEEDS & NORTHRU! 


RING INSTRUMENTS - AUTOMATIC CONTROLS ~ 
HEAT-TREATING FURNACES 
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UNSURPASSED STABILITY 
EXCEPTIONAL LIGHT SENSITIVITY 
PATENTED MAGNETIC MODULATION 
NO ZERO ADJUSTMENT 

CONVENIENT SMALL SIZE 5 x 7% x 13 IN. 
LIGHT IN WEIGHT—ONLY 11% POUNDS 


No. 2150 


The SPECIAL FEATURES OF THE DENSICHRON* qualify it for use in many light-measur- 
ing operations in scientific research and industrial process control. Some of the laboratory 
applications for which the DENSICHRON is particularly well adapted are— 


PHOTOMICROGRAPHY | 
PHOTOFLUOROMETRY 
REFLECTOMETRY 
MICRODENSITOMETRY 
COLORIMETRY 


The DENSICHRON is supplied complete with a blue-sensitive light probe (or red if specified), 
five measuring apertures, a cone with '/s inch aperture, and metal support for the probe unit. 
The current consumption is 30 watts. For operation on 115 volts—60 cycle AC only— 


WRITE FOR 12-PAGE BOOKLET GIVING OPERATION CURVES, 
RESULTS OF LABORATORY TESTS AND OTHER VALUABLE Each $225.0 
INFORMATION. 


Reflection Unit Accessory with Voltage Regulated Transformer—$75.00 


* Reg. U. S. Pat. Office. 
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T nave always maintained that chemical education scarcely begins—and certainly 
does not end—with the school and classroom. Many agencies and institutions are 
involved in it beyond the college and university. Industry is concerned in it, in 
other ways than merely absorbing the product of the process. 

For industry is, of course, the principal user of chemists and should therefore do 
its fair share in making them. Industrial training programs first come to mind. 
The new employee, usually fresh from the collegiate ivory tower, is seldom ready 
to jump into the industrial routine without a period of on-the-job training. Some- 
times this is a hit-or-miss, trial-and-error process; occasionally it is a highly organ- 
ized training program in which the new employees learn the real fundamentals and 
details of the jobs they are about to undertake. The academic institutions are 
beginning to depend upon such industrial training programs, recognizing that they 
should educate rather than train, and that if they can turn their product out with 
a good all-round preparation and with a sound knowledge of basic fundamentals 
they will best serve the interests of industry, for it will be manifestly impossible to 
fit every man completely for the job ahead. 

Sometimes these industrial training programs are conceived in a very long-time 
view, even beyond the particular industry concerned—such as the Seagram’s 
“fellowship” program, in which young men are brought even from abroad to learn 
(by doing) some of the details of a particular industry. 

The responsibility of industry to the teachers of science has been tangibly 
recognized by such means as the General Electric Science Fellowships, with their 
inspiring summer sessions at the Company’s plant; also by the extended plant 
trips and “‘teachers’ institutes” which several industries have established. 

Industries find it “good public relations” to be cooperative with the schools and 
make available literature, demonstration kits, and teaching gadgets of all sorts. 
Welcome as all this help and attention are, it is highly colored by the advertising 
motive and probably pays for itself in the long run. The same may be true of 
industrial fellowships, of long standing in universities and technical schools. 

But the debt is far from paid, and industry may expect to be called upon for 
further contributions to technical education. These are profitable years, for 
industry but not for the colleges and universities. Many an institution is seriously 
wondering where its next year’s income is going to come from—especially the 
smaller arts colleges. But these same small colleges are turning out more than their 
share of chemists, some of them, and are probably getting very little of the direct 
or indirect help that larger institutions get from industry. We do not dare let 
our small colleges run down. What are we going to do about them? Industry 
can help us find the answer. 
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Ix GENERAL, the large variety of reactions of the ali- 
phatic hydrocarbons can be divided into two classes, 
(1) those which take place in the presence of acid-type 
catalysts, such as the Friedel-Crafts metal halides, on 
the one hand, and acids such as sulfuric acid and hydro- 
gen fluoride, on the other, and (2) those which occur 
thermally or are induced by peroxides. It is the object 
of the present paper to show that the reactions of the 
first class can best be explained as occurring by way of a 
carbonium ion, usually chain, mechanism, while reac- 
tions of the second class involve free radicals. It will be 
shown that by making a few plausible assumptions and 
by setting up certain principles, now generally accepted, 
of the behavior of carbonium ions and free radicals, the 
difference between the two classes of reactions can be 
readily understood. 

Substantially all of the hydrocarbon reactions cata- 
lyzed by acid-type catalysts can be explained as in- 
volving (1) addition of a carbonium ion to a molecule 
via a pair of pi electrons to yield a higher molecular 
weight carbonium ion, (2) decomposition of a car- 
bonium ion to another ion (e. g., a smaller carbonium 
ion or a proton) and an unsaturated compound, (3) 
isomerization of a carbonium ion via migration of hydro- 
gen or alkyl together with a pair of electrons, or (4) a 
combination of these. The final carbonium ion is con- 
verted to the reaction product either by eliminating a 
proton or other cation or by abstracting a hydride ion 
from a molecule of reactant. 

In an analogous manner a free radical, the usual in- 
termediate in thermal and peroxide-induced reactions, 
can (1) add to an unsaturated bond to form a higher 
molecular weight free radical, (2) decompose to yield a 
smaller radical and an unsaturated compound, (3) 
abstract a hydrogen atom or other atom from a molecule 
to yield a newmolecule and a new free radical, and (4) lose 
an atom, usually hydrogen, to form an unsaturated com- 
pound. Unlike carbonium ions, free radicals rarely 
isomerize. Free alkyl radicals readily undergo dispro- 
portionation to yield a paraffin and an olefin. 

It is obviously beyond the scope of this naper to give 
a comprehensive discussion of all the species of reactions 
which have been studied. Instead, typical examples 
will be given illustrating the basic principles involved. 


FORMATION OF CARBONIUM IONS 


From Olefins. Carbonium ions can be formed in a 
number of ways, some of which will be reviewed here. 
1 Presented before the Division of Petroleum Chemistry at the 


119th Meeting of the American Chemical Society, Cleveland, 
April 10, 1951. 


THE MECHANISMS OF THE REACTIONS OF 
ALIPHATIC HYDROCARBONS’ 


LOUIS SCHMERLING 
Universal Oil Products Company, Riverside, Lllinois 


With acid catalysts (e. g., sulfuric acid) an olefin is con. 
verted to a carbonium ion by addition of the hydrogen 
ion from the acid to the extra electron pair in the double 
bond (the pi electrons) : 


H.C: :C:CH, + H+oOSsoO;H- = H,C:C:CH; + OSO,H- 
CH; CH; 


With halide catalysts of the Friedel-Crafts type (e.g, 
aluminum chloride or boron fluoride), in the presence of 
hydrogen halide, the carbonium ion is formed by the 
addition of the proton from the promoter to the pi elee- 
trons of the olefin: 


H.C: :CH: + HCl + AICI; = H3C:CH.+ + AICh- 


Recent work has indicated that while hydrogen alt- 
minum tetrachloride (HAICI) is nonexistent, interac 
tion of aluminum chloride and hydrogen chloride does 
occur in the presence of substances (such as benzene 
and, presumably, olefins) to which basic properties 
may be ascribed (3). In other words, while hydrogen 
aluminum tetrachloride is an unstable acid, its esters are 
fairly stable. Additional evidence, in support of the 
hypothesis that such esters are intermediates in the 
Friedel-Crafts reaction, is found (8) in the fact that 
exchange of radioactive chlorine atoms for ordinary 
chlorine atoms occurs when (-buty! chloride is treated 
with benzene in the presence of aluminum chloride cor 
taining radioactive chlorine atoms; the hydrogen 
chloride which is evolved is radioactive. 


+ AICI;* (CHs),C *[AICI,*]~- 
(CH;)sC *+[AIC],*]- + = (CH;);CCsH; + [HAICH*] 
[HAICI],*] — HCl* + AICI;* 
(Cl* is chlorine, part of which is radioactive) 
The Friedel-Crafts catalysts are electron acceptor, 
and, in the absence of hydrogen halide promoter, the 


active complex is presumably formed by the addition 
the catalyst to the olefin (13): 


:Cl: H H :Cl:H H 
:Cl: Al + C::C — :Cl:Al:C:C+ 
:Cl: HH :Cl:H H 


This complex, while it contains an electron-deficient 
(hence, positive) carbon atom, is in itself electronically 
neutral; the product of the addition of a proton to # 
olefin contains a similar carbon atom but is in itsél 
electrically positive. It has been suggested (46) thal 
this difference is related to the fact that metal halide 
catalysts tend to yield much higher polymers than d0 
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the acid (proton) catalysts. However, it may be 
significant that water or another promoter is usually 
necessary for polymerization in the presence of the 
metal halide if hydrogen halide is not present. 

From Paraffins. As will be shown below in the dis- 
cussion of the hydrogen-halogen exchange reaction, 
paraffins are converted to alkyl carbonium ions by loss 
ofa hydride ion to a carbonium ion. 

It should be remembered that while carbonium ions 
are often written (for reasons of convenience) as if 
standing alone (e. g., (CH3);C *), the negative portion of 
theionic pair (e. g., AICl,~ or OSO;H—) plays an essen- 
tial, if lesser, role. Also, while it has become customary 
to speak of the reactions of the carbonium ions as in- 
volving migration (or elimination) of an atom or group 
of atoms (e. g., hydrogen or methyl) with (or, in the 
case of elimination, without) the attached electron 
pair, a useful and perhaps more accurate viewpoint is 
that of Whitmore which considers the changes as in- 
volving migration or elimination of an electron pair with 
or without the attached atom or group of atoms (44). 


FORMATION OF FREE RADICALS 


Free radicals are formed from paraffins and olefins 


at high temperatures by scission of a carbon-carbon 
bond: 


HH H H 
R:C:C:R’ R:C- + R’:C- 
HH H H 


Free radicals are also formed by the thermal decompo- 
sition of peroxides at comparatively low temperatures. 
This is a widely used method for obtaining the free 


radicals necessary for inducing a large variety of reac- 
tions. 


Oo 
(CH;C — 2CH;- + 2CO, 
O O- 
(CH;),;COOC(CHs), 2(CH;);CO- 2CH;- + 2(CH;).CO 
Free radicals initiate reactions of olefins either by 
adding to the double bond or by abstracting a hydrogen 


atom; they initiate paraffin reactions by abstracting 
hydrogen atoms. 


POLYMERIZATION OF OLEFINS 


Catalytic Dimerization of Isoolefins. The dimeric 
product obtained by the polymerization of isobutylene 
In the presence of acidic catalysts consists of a mixture 
of trimethylpentenes. With dilute sulfuric acid, 2,4,4- 
trimethyl-1-pentene (II) and 2,4,4-trimethyl-2-pentene 
(II) are produced in the ratio of about four to one (22). 
Their formation is best explained by the well-known 

oremechanism (43): 


CH; CH; 
+ H+[OSO;H]- > cu—t+ + [0SO,H]- 
H; H; 


CH, CH, 
+ CH;—C—CH; CH,—¢—CH,—¢—CH, 


HOH, 
(I) 


CH, 
82% 
—— CH; + Ht 


CH; 
(II) 


CH, 
18% 
——CH;CCH=CCH; + H* 


du, dn 
(III) 


The polymerization involves the condensation of 
isobutylene with a ¢-butyl carbonium ion (formed by 
addition of the catalyst to isobutylene) to yield a ter- 
tiary octyl ion (I). Loss of a proton yields a trimeth- 
ylpentene and regenerates the catalyst. The 1-pen- 
tene derivative is formed in larger amount because 
elimination of one of the six protons on the two primary 
carbon atoms adjacent to the positively charged carbon 
atom takes place more readily than does loss of one of 
the two protons on the methylene carbon atom in the 
neopentyl group, a group which always loses protons 
with comparative difficulty. 

The products obtained when 3-methyl-2-butanol is 
treated with 75 per cent sulfuric acid at 90°C. may be 
explained in similar manner. Whitmore and Mosher 
(47) showed that the products include 2-methyl-2-bu- 
tene (IV), 1 per cent; 3-methyl-2-pentene (X), 3 per 
cent; methyl isopropyl ketone, 1 per cent; diisobutyl- 
enes, 1 per cent; 2,3,4,4-tetramethyl-l-pentene, 2 per 
cent; other nonenes, 1 per cent; 3,4,5,5-tetramethyl-2- 
hexene (XI), 45 per cent; and 3,5,5-trimethyl-2-hep- 
tene (VII), 35 per cent. Oxidation of the original 
alcohol accounts for the presence of the methyl iso- 
propyi ketone; sulfur dioxide was also a product of the 


reaction. Formation of the other products is explained 
as follows: 
OH 
H + 
CH,CHCHCH, CH,CHCHCH, — CH,C—CHCH; + H+ 
H; H, H, 
(IV) 
H+ + CH,—CCH:CH, CH,CCH.CH, 
H, H; 
VI 
(VI) (V) 
+ -H* 
(V) (VI) 


(VII) 
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(VIII) 


iL 


Cc 
+ c-c=0c-c 
(V) (IV) 


C 


bbe 


(XI) (IX) 


C 


C 
(X) 


Formation of 3-methyl-2-pentene and (t-butyl car- 
bonium ion (hence, isobutylene) from the decyl ion 
(IX) illustrates an important reaction of carbonium 
ions, namely scission at the bond in beta-position to the 
positively charged carbon atom. Such beta-scission 
takes place particularly readily in carbonium ions con- 
taining the grouping R3;C—-C—C?; it is the reverse of 
polymerization. It involves the shift of an electron 
pair to the adjacent deficient carbon atom without the 
attached alkyl group. 

The isobutylene formed by the scission of (IX) poly- 
merizes to yield diisobutylene and copolymerizes with 
2-methyl-2-butene (IV) and other pentenes to yield, 
respectively, 2,3,4,4-tetramethyl-l-pentene and other 
nonenes. 

Production of 3,5,5-trimethyl-2-heptene rather than 
the 3-heptene isomer is a further illustration of the rela- 
tive difficulty of loss of a proton from the neopentyl 
system. This was confirmed experimentally by car- 
rying out the dehydration of the corresponding carbinol 
under the same conditions that were used in the poly- 
merization. Treating 3,5,5-trimethyl-3-heptanol at 
80°C. with 75 per cent sulfuric acid resulted in the 
formation of 20 parts of the 3,5,5-trimethyl-2-heptene to 
only one of 3,5,5-trimethy!-3-heptene. 

Similarly, the fact that 3,4,5,5-tetramethyl-2-hexene 
(XI) and not 3,4,5,5-tetramethyl-3-hexene is formed 
from (IX) again shows the comparatively slow rate of 
elimination of a proton from a neopentyl carbon atom 
even when it is a tertiary carbon atom. 

It will be noted that the formation of (XI) as written 
involves a 1,3-shift of a methyl group. Whether such a 
shift occurs or whether it actually involves a succession 
of 1,2-shifts is beyond the scope of the present paper 
(of. 4, 5, 24, 48). 

The copolymerization of isobutylene with the n-bu- 
tylenes (as investigated (45) by the addition of t-butyl 
alcohol to an equimolecular quantity of s-butyl alcohol 
in the presence of 75 per cent sulfuric acid at 64°) re- 
sults in a 78 per cent yield of octene, consisting of 2,4,4- 
trimethylpentenes (25 per cent), 3,4,4-trimethyl-2- 
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pentene (40 per cent), and 2,3,4-trimethyl-2-pentene 
(35 per cent). The formation of all these products may 
again be explained on the basis of the addition of at. 
butyl ion to an olefin: 


C C 
= C=C—C + Ht 


OH 
C—C—C—C = ++ Ht 


+ Ht 


25% 


+ C—C=0-—C = 
(XII) 


+H* 


40% 
(XII) = C-C—C—c—c = C—C=C—C—C 


(XIIT) 35% 


The octenes appear to be produced via the addition of 
the t-butyl ion to isobutylene and 2-butene to the extent 
of 25 and 75 per cent, respectively, about half of the 
products in the latter case being formed by rearrange- 
ment. 1-Butene is not formed as an intermediate be- 
cause loss of a proton occurs more readily from the 
methylene group than from the methyl group. None of 
the products which would be formed by the addition of 
the s-butyl carbonium ion to the 2-butene or to is0- 
butylene were obtained. The rate of addition of the 
s-butyl ion to the double bond is apparently too slow; 
this finds analogy in the comparative ease of addition of 
t-butyl chloride and s-butyl chloride to ethylene in the 
presence of Friedel-Crafts type catalysts (30). 

Macropolymerization of Isobutylene. The polymeriza- 
tion of isobutylene at temperatures below about —70°C. 
in the presence of Friedel-Crafts catalysts (particularly 
boron fluoride, aluminum chloride, and_ titanium 
chloride) yields a high molecular weight polymer having 
elastic properties. 

No reaction occurs when carefully purified isobutylene 
is contacted with pure boron fluoride at —80°C. (6). 
There is instantaneous reaction when water or t-butyl 
alcohol is added to the mixture. The boron fluoride 
consumed in quantities approximately equivalent to the 
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mols of third substance added. The polymer is appar- 
ently formed by head-to-tail polymerization; the poly- 
mer molecules presumably usually contain one terminal 
double bond. 

The following mechanism (7) explains the experi- 
mental observations: 


BF; +HY—F,BYH (Y=OH, OR, ete.) 
F,BYH + CH;—C—CH; — F,;BY~ + (CH,);C* 
H; 


+ C=C—C + 
¢ ¢ ¢ 


The chain continues to grow until terminated by one 
of the following reactions in which M represents mono- 
mer (C,Hs) and n is the number of molecules reacted. 


M,Ht 4. F;BY- M, F;BYH 
M,H* + M,HY + BF, 
M,H*+ + M M, + MH+t 


Thermal Dimerization of Isobutylene. The thermal 
polymerization of isobutylene (at 370-460°C. and 540- 
5350 p. s. i.) is of particular interest because it yields 
1,1,3-trimethyleyclopentane rather than 2,4,4-tri- 
methyl-1- and 2-pentene, the products of the catalytic 
polymerization (23). For example, the cyclic dimer 
comprised about 46 per cent of the total liquid product 
when the reaction was carried out at 400° and 540 p. s. i. 
A number of mechanisms were proposed to explain its 
formation but none of these seems as plausible as the 
following chain mechanism which is based on the prin- 
ciples enumerated above. It postulates an intra- 
molecular alkylation step which is directly analogous to 
that which has been proposed for intermolecular ther- 
mal alkylation, namely addition of an alkyl radical to 
the double bond of the alkene (see subsequent discus- 
sion). The method of formation of the chain initiator, 
R’., is not critical since it merely starts the first cycle of 
the chain reaction; it may be formed by decomposition 
of the isobutylene or by oxygen present in the reaction 
mixture or by other means. 


R’- + CH,=CCH; — R’H + CH.—CCH:- 
H; 


+ CH.—CCH; ->+ CH.—CCH:CH;CCH, 


H, H, H. CH, 
CH, -C(CH,)s 
He 
HoH,” cu’ cn, 
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CH:———C(CH;)» 
+ CH.—CCH; 
2 
H; 
CH,” Non,” 
CH;———C(CHs)» 
+ CH. =CCH;- 
H He 
H; 
CH; CH, 


Peroxide-Induced Polymerization of Ethylene. The 
polymerization of ethylene under high pressure in the 
presence of oxygen or peroxide yields very high molec- 
ular weight polymers. For example, polymerization at 
110—120°C. and 200-300 atm. pressure in the presence of 
a methanol solution of benzoyl peroxide yields a wax, 
melting at 105-110°C., having a molecular weight of 
2000-3000 and containing 0.7-1.3 per cent of oxygen. 
A free-radical chain reaction mechanism (9, 27, 40) is 
undoubtedly involved, the chain being initiated by 
benzoyloxy or phenyl radiéals: 


oO 
VA 
= 2C,.H;C -—> 2C.H;- + 2CO. 
O- 
C.H,COO- + CH,OH — C,H;COOH + CH,0- 
+ CH;0OH + CH;0- 


The chain is propagated by addition of intermediate 
radicals to ethylene molecules. 


R- + CH,—CH, RCH,CH.- 


The nature of R- (which may be methoxy, phenyl, or 
benzoyloxy) is relatively unimportant since it serves 
only to initiate the chain, which is continued by meth- 
oxy radicals formed by chain transfer. 

Chain transfer involving the methanol solvent ter- 
minates the growing chain and at the same time yields 
a methoxy radical which starts a new cycle. The 
methoxy radical accounts for the presence of oxygen in 
the wax. 

+ CH; OH 
+ CH;0- 

The chain is terminated by coupling or dispropor- 
tionation reactions involving two radicals (not neces- 
sarily alike): 
— 
+ 
R(CH,CH;)xCH;CH, 

Conjunct Polymerization. The term conjunct poly- 
merization has been given to that type of catalytic poly- 
merization which results in the formation not only of 
higher molecular weight olefins but also of saturated 
hydrocarbons (18). With some catalysts, for example 


VA 
(CsH;C 


with aluminum chloride, true polymerization of the 
olefin takes place only under special conditions (12, 15). 
With sulfuric acid the type of polymerization depends 
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on the concentration of the acid; conjunct polymeriza- 
tion occurs with concentrated acid (above about 90 per 
cent) while true polymerization occurs with more dilute 
acid (1/7). Phosphoric acid yields conjunct polymers 
when the polymerization occurs at temperatures above 
about 250-300°C. (16). 

Polymerization of ethylene in the presence of alu- 
minum chloride may be cited as an example of conjunct 
polymerization. While no polymerization at all occurs 
even at superatmospheric pressures and 10-50° when 
pure aluminum chloride is contacted with pure ethylene, 
polymerization occurs quite readily in the presence of 
hydrogen chloride or traces of impurities. The product 
consists of a water-white, chiefly paraffinic, upper layer 
and a viscous, dark red-brown lower layer consisting of 
addition compounds of aluminum chloride and highly 
unsaturated hydrocarbons. The reaction can be ex- 
plained in terms of the carbonium ion mechanism by 
assuming that the olefin which would be the product of 
true polymerization undergoes further reaction as fol- 
lows (1): 


RCH.CH.CH=CHR’ + HCl + AICI; = 


RCH,CH,CHCH,R’ + RCH;CH;CH—CHR’ =, 

RCH,CH,CH.CH,R’ + RCH,;CHCH=CHR’ 
(XIV) 


RCH,CHCH=CHR’ + = 

RCH=CHCH=CHR’ + HCl + AICls 
The final products are thus paraffins and polyolefins. 
The latter are present in the catalyst layer. 


HYDROGEN-HALOGEN EXCHANGE 


Metal Halide-catalyzed Reaction. Evidence that a 
carbonium ion can abstract a hydride ion as indicated in 
the above mechanism of conjunct polymerization was 
obtained in an investigation of the reaction of alkyl 
halides with isoparaffins (1). It was shown that hydro- 
gen-halogen exchange occurs when, for example, a mix- 
ture of isopentane and ¢-buty! chloride is treated with 
aluminum chloride for as short a time as 0.001 sec. 
The mechanism of this exchange appears to involve the 
removal of a hydride ion from isopentane by the t-butyl] 
carbonium ion formed from the alkyl chloride: 
(CH;);CCl + AIC]; = (CH;);C tAICl,— 

(CH;);C* + C.H;(CH;),CH (CH;);CH + C.H;(CHs;).C* 
C.H;(CHs;).C* + AICl,~ C:H;(CH;)2CCl] + AICI; 


Since tertiary alkyl carbonium ions are more stable 
than secondary alkyl ions, isoparaffins undergo the 
hydrogen-halogen exchange reaction more easily than 
do n-paraffins. 

Ions of the allyl type (e. g., XIV) are stabilized by 
resonance and are therefore readily formed from olefins 
by abstraction of a hydride ion in allylic position. 

A somewhat similar reaction occurs with polyhalo- 
alkanes. Carbon tetrachloride is converted to chloro- 
form when treated with saturated hydrocarbons and 
aluminum chloride (19). 
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Peroxide-induced Reaction. Hydrogen-halogen 
change also occurs when a polyhaloalkane, such as cap. 
bon tetrachloride, is treated with a paraffin in the pres 
ence of a free radical forming substance such as a per. 
oxide (38). For example, the reaction of isobutane 
with carbon tetrachloride in the presence of di-t-butyl 
peroxide at 130—140°C. results in practically quantitg- 
tive yield of t-butyl chloride and chloroform. It presum. 
ably occurs by way of a free radical chain mechanism: 


(t-C,H20). 2t-C,H,O 


t-C,H,O- + CH,;CHCH; CH,CCH, + ¢-C,H,0H 


H; ‘H, 
Cl 

CH,CCH, + CCl, > + CLC: 
H, 


CLC: + CH,CHCH; — Cl,CH + CH,CCH, 
SH; H; 


It is thus apparent that paraffinic hydrocarbons are 
capable of donating hydrogen atoms or hydride ions in 
reactions promoted by free radicals or carbonium ions, 
respectively. It is important to note that not only iso 
paraffins, but also normal paraffins containing at least 
three carbon atoms, are reactive in the free radical-n- 
duced hydrogen-halogen exchange. In the metal 
halide-catalyzed reaction, on the other hand, only iso 
paraffins react readily. The significance of this observa- 
tion will become apparent in the discussion of the alky- 
lation of paraffins. 


CONDENSATION OF HALOALKANES WITH ALKENES 


Metal Halide-catalyzed Reaction. Alkyl! halides con- 
taining at least three carbon atoms can be condensed 
with olefins (30, 35) or haloolefins (32, 36) in the 
presence of catalysts of the Friedel-Crafts type to yield 
higher molecular weight haloalkanes. The primary 
reaction is the addition of the alkyl group and the halo 
gen to the double bond of the alkene, the halogen adding 
to the carbon atom that holds the smaller number 
hydrogen atoms. The reaction mechanism may best be 
expressed in terms of carbonium ion theory. Thus, the 
condensation of t-butyl chloride with ethylene in the 
presence of aluminum chloride yields 1-chloro3} 
dimethylbutane: 


Cc 
+ AICI = 


C C 
tAICL- + C=C = 


C Cc 
= C—C—C—C—Cl + AIC 
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In similar manner, the condensation of isopropyl 
chloride with ethylene yields 1-chloro-3,3-dimethyl- 
pentane, f-pentyl chloride being an intermediate in the 
reaction. The primary reaction product, isopentyl 
chloride, contains a tertiary carbon atom and isomeriza- 
tion of the intermediate primary carbonium ion to the 
tertiary carbonium ion readily occurs. Tertiary car- 
bonium ions add more readily to olefins than do second- 
ary carbonium ions; hence, the ¢t-pentyl ion adds more 
rapidly than does the isopropyl! ion from the initial iso- 
propyl chloride and the final product is therefore the 
j-chloro-3,3-dimethylpentane (which contains no terti- 
ary carbon atom). 


+ AICI]; = C—C*[AICI,]- 


+ = = c—c—C—c = 
C + 
c—é—c_—c 


+ AICI; 


Attempts to condense polyhaloalkanes containing 
two or more halogen atoms on a single carbon with 
dlefins in the presence of Friedel-Crafts catalysts have 
been unsuccessful (28). For example, addition of car- 
bon tetrachloride to ethylene does not take place in the 
presence of aluminum chloride. Polymerization of the 
olefin occurs more rapidly than does the condensation 
reaction. Addition to the double bond does take place 
ifa polychloroethylene is used instead of ethylene (28); 
the reaction of carbon tetrachloride with trichloro- 
ethylene yields sym-heptachloropropane, trichloro- 
methylaluminum tetrachloride being formed as inier- 
mediate. 


Peroxide-induced Reaction. On the other hand, con- 
densation of polyhaloalkanes with olefins will occur in 
the presence of decomposing peroxide. For example, 
acetyl peroxide induces the reaction of carbon tetra- 
chloride with 1-octene; 1,1,1,3-tetrachlorononane is 
formed (20). A free radical chain mechanism is in- 
volved, the trichloromethyl radical acting as chain 
carrier: 


(CH,CO),0, 2CH;C 2CH;- + 2CO: 


O- 
CH,- + CCl > + 
CLC. + C=C—R + ClC—C—C—R 


Cl,C—C—C—R CCl, > Cl,;C—C—C—R + C1,C- 
ALKYLATION OF PARAFFINS 


It is well established that different products are ob- 
tained by the thermal alkylation of isobutane than by 
the catalytic alkylation. The differences are inherently 
explained by the principles already discussed for the be- 
havior of free radicals and carbonium ions. No new 
concepts need be introduced. 

Catalytic Alkylation. The major product of the reac- 
tion of isobutane with ethylene in the presence of alu- 
minum chloride or other active catalysts of the Friedel- 
Crafts type is 2,3-dimethylbutane. Isopentane and 
ethane are obtained as by-products. Similarly, the 
principal product of the reaction of isobutane with pro- 
pylene in the presence of Friedel-Crafts catalysts or of 
acids is 2,3-dimethylpentane and 2,4-dimethylpentane; 
propane and 2,2,4-trimethylpentane are by-products of 
the reaction. A chain reaction involving carbonium 
ions explains all the products of the reactions (1, 29). 


Thus, for ethylene: 
C.H, + HCl + AlCl; —> C.H;*[AICI,]~ 


CH; 
C.H;*+ + CH;CHCH; + C.Hs (1) 
bu, 
CH; CH; 
+ CH=CH: = CH,OCH,CH,+ (2) 
H; H; 
CH; 
CH,CCH.CH,* + CH;CHCH; = 
‘H; 


CH;,CHCHCH, + CH,CCH; (3) 
Hy H; H; 


It will be noted that ethane is formed in the chain 
initiating step (equation (1)) only; the amount is there- 
fore small. The reaction of equation (1) is obviously 
the hydrogen-halogen exchange reaction described 
above; it occurs much more readily with isoparaffins 
than with n-paraffins. The addition of the ¢butyl 
carbonium ion to the ethylene (equation (2)) is the re- 
action of addition of an alkyl halide to an olefin which 
was also discussed earlier. 

The rearrangement which accompanies the exchange 
reaction indicated in the last equation is, as already 
mentioned, typical of carbonium ions containing a 
neopentyl system. It involves the intermediate migra- 
tion of a hydride ion to form the more stable secondary 
pinacolyl ion which then undergoes methyl migration 
to yield the tertiary 2,3-dimethylbutyl carbonium ion. 
The latter is a tertiary carbonium ion and rapidly under- 
goes the hydrogen-chlorine exchange reaction to yield 
the t-butyl carbonium ion and the 2,3-dimethylbutane. 
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Similar rearrangements are involved in the alkylation 
of isobutane with propene. Again, tertiary carbonium 
ions can abstract hydride ions more readily from iso- 
butane than can secondary carbonium ions and the prod- 
ucts are 2,3- and 2,4-dimethylpentane rather than 
2,2-dimethylpentane. 


CH, CH, 
+ CH.=CHCH, CH,CCH,CHCH, 
H; H; 


lor6 + 
CH;CCH:;CHCH; 


CH, 
steps 
cH,OcH,dHCH,— H, CH; 
2 
HH, 


steps 
H; CH; 


The carbonium ion mechanism readily explains why 
the primary products of the alkylation of isobutane with 
1-butene in the presence of a modified aluminum chlo- 
ride catalyst (aluminum chloride monomethanolate) 
are dimethylhexanes while those obtained with 2-butene 
under similar conditions are trimethylpentanes (33). 

2,2,4-Trimethylpentane is a by-product of the alkyla- 
tion of isobutane regardless of the olefin used. Its 
formation in the reaction with propene, for example, 
involves the following steps (33): 


(CH;);CH + C3H¢ + (CH;)3C + + C;Hs 
(CH;);C* = (CH;)2C—=CHe + H+ 
(CH,):C+ + (CH,);C=CH, = 


+ (CH;);CH = 
+ 


The over-all reaction is: 
2(CH;);CH + C;Hs (CH;);CCH,CH(CH;)2 + C3Hs 


The experimental results indicate that by-product 
trimethylpentane and propane (or other paraffins 
corresponding to the olefin used) are formed in approxi- 
mately equimolecular quantities. 

In most isoparaffin alkylation reactions not only the 
so-called normal (7. e., products having a molecular 
weight equal to the sum of molecular weights of the re- 
acting isoparaffin and olefin) but also abnormal prod- 
ucts (i. e., products of intermediate molecular weight) 
are formed. Thus, isopentane and 2,3-trimethylbutane 
are by-products of the reaction of isobutane with pro- 
pene. Their formation involves the beta-scission of 
intermediate carbonium ions. For example, 


CH.S—CHCH.CH, CH,C=CH + CH,CH;* 
H; CH; H; H; 
The trimethylethylene is converted to ¢-pentyl car- 
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bonium ion and thence to isopentane by the hydrogep. 
chlorine exchange reaction; the ethyl ion is converted 
either to ethane or, by loss of a proton, to ethylene which § 
reacts with ¢-butyl ion to yield 2,3-dimethylbutane gs 
the eventual product. 

An alternative explanation (39) of the formation o 
these by-products involves the formation of an undeey| 
carbonium ion via the reaction of the hepty] ion and, 
second t-butyl carbonium ion: 
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c—é—c—c—c + c—c=c—c—c 


¢ 
C 
Cc 


+ C—C=C—C—C = 


c—c—c—é—c = c—c—é—c + c—c=c—o 


Thermal Alkylation (10). The thermal alkylationof 
isobutane with ethylene at 500°C. at 4500 p. s. i. yields 
2,2-dimethylbutane (neohexane) as the principal reat- 
tion product. Some 2-methylpentane is also formed. 
A free radical chain mechanism obtains; the initiating 
radical, which is relatively unimportant since it is i- 
volved only in the first cycle, may be formed by the 
cracking of isobutane or by other means. 


CH; CH; 
CH.OH +R:-—> cH. + RH 
YH; H; 
CH; CH; 
+ CH=CH, CH,CCH,CH:- 
SH; H; 
CH; CH; CH; CH; 
+ CH.GH CH.OCH.CH, + 
‘H; H; H; H; 
2,2-Dimethylbutane and not 2,3-dimethylbutane 
produced in the last step because, as was mention 
above, free radicals, unlike carbonium ions, do ne 
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involving one of the hydrogen atoms attached to a 
primary carbon atom; these hydrogen atoms are less 
reactive but more numerous than the hydrogen atom 
attached to the tertiary carbon atom. 

Thermal alkylation (unlike catalytic alkylation) of 
propane with ethylene to produce a mixture of n- and 
isopentane proceeds in favorable yield because the inter- 
mediate radicals (unlike carbonium ions) are able to 
abstract hydrogen from the propane readily under the 
alkylation conditions. 


CONDENSATION OF PARAFFINS WITH CHLORO- 
OLEFINS 


Metal Halide-catalyzed Reaction. The reaction of 
jsobutane with allyl chloride in the presence of alu- 
minum chloride at —10°C. results in a 35-40 per cent 
yield of 1-chloro-3,4-dimethylpentane and a 13-15 per 
cent yield of 1,2-dichloro-4,4-dimethylpentane (31). 
Formation of both these products follows from the chain 
mechanism; it is exactly analogous to the alkylation of 
isobutane with propylene. 


+ C=C—C—CI = C—C—c—C—c—cl 


+ C-C_-C= 

+ 


[AICL]- = 


+ AICI; 
1 


Formation of 1,2-dichloro-4,4-dimethylpentane by 
the reaction of t-butyl chloride with allyl chloride (32) 
and formation of 1-chloro-3,4-dimethylpentane by the 
reaction of the 1,2-dichloro-4,4-dimethylpentane with 
isobutane (31) have been shown to occur. 

Polychloroolefins react similarly with isoparaffins in 
the presence of aluminum chloride. The reaction of 
cis- and trans-dichloroethylene is of particular interest 
since 1,1,2-trichloro-3,3-dimethylbutane is obtained in 
35 per cent yield with the cis isomer and in less than 5 
per cent yield with the trans compound (34). Diffi- 
culty of addition of t-butyl carbonium ions to hindered 
double bonds is indicated. 


C 
ots + AICL- + C=C = + AICL- = 


bb 


(XV) 
Cc 


+ AICI; 


(XVI) 


Cc C 
1 Cl 


Since no dichloro- or monochlorohexane was isolated, it 
may be concluded that the trichloride (XVI) and the 
corresponding carbonium ion (XV) are relatively un- 
reactive toward chlorine-hydrogen exchange with iso- 
butane because two of the chlorine atoms are attached 
to a primary carbon atom and the third to a secondary 
carbon atom in a neopentyl group. Any trichloride 
which does react is eventually reduced to paraffin (i. e., 
all three chlorine atoms are successively replaced by 
hydrogen) by means of the hydrogen-chlorine exchange 
reaction. The intermediate di- and monochlorohexanes 
are comparatively unstable because tertiary carbon 
atoms are formed during the exchange reaction; for 
example, the trichloride is probably converted to 1,1- 
dichloro-2,3-dimethylbutane which isomerizes to reac- 
tive 1,2-dichloro-2,3-dimethylbutane. 

The reaction of the isobutane with chloroolefins in the 
presence of aluminum chloride also serves as a means of 
evaluating the various mechanisms which have been 
proposed for the alkylation of isoparaffins with olefins 
(34). None of the other mechanisms provides a satis- 
factory explanation for the formation of a polychloro- 
alkane containing one more chlorine atom than the 
chloroolefin used. 

Peroxide-induced Reaction (37). The condensation of 
saturated hydrocarbons (including propane) with poly- 
chloroethylenes may also be effected by means of per- 
oxides. The products are chloroolefins containing one 
chlorine atom less than the chloroethylene used. The 
reaction of isobutane with cis- and with trans-dichloro- 
ethylene in the presence of di-t-butyl peroxide ai 130— 
135°C. results in 35 and 38 per cent yields, respectively, 
of 1-chloro-3,3-dimethyl-l-butene. Condensation of 
propane with sym-dichloroethylene, with trichloro- 
ethylene, and with tetrachloroethylene proceeds in 
similar manner, yielding (as principal isomer in each 
case) l-chloro-, 1,1-dichloro-, and _ 1,1,2-trichloro-3- 
methyl]-1-butene, respectively, in 10, 31, and 27 per cent 
yields. 

The free radical chain reaction mechanism involves 
chlorine atoms and alkyl radicals as the chain carriers: 


R’OOR’ — 2R’0- 
R’O- + RH—R- + 
Cl 


X X 
(X = Clor H) 


Cl 
— R—C=C—CI + Cl- 
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Cl. + RH>+R- + HC) 


569 
| 
C 
on of | 
rields 
reac- 
med. 
ating 
is 
y the 
| 
ne is 
ioned 
not 
rction 
| 


570 


This peroxide-induced reaction of paraffins with 
chloroethylenes differs from that catalyzed by alu- 
minum chloride in a number of points all of which are 
inherently explained by the basic principles of free 
radical and carbonium ion mechanisms. The peroxide- 
induced reaction gives good yields with both n- and 
isoparaffins; the products are unsaturated chlorides in- 
stead of saturated chlorides; and the cis- and trans- 
dichloroethylenes show little difference in reactivity. 
A significant difference between the ease of addition of 
t-butyl radicals and t-butyl carbonium ions to hindered 
double bonds is indicated by the last fact. 


CRACKING OF PARAFFINS 


It is well known that the catalytic cracking of paraf- 
fins yields products which are markedly different from 
those obtained by the thermal cracking. For example, 
the reaction of hexadecane in the presence of a silica- 
alumina cracking catalyst yields as major products 
compounds boiling in the C; to Cs range, the compounds 
being largely branched-chain, little straight-chain 1- 
alkene boiling above the C, range being present (/1). 
On the other hand, thermal cracking of the hexadecane 
yields ethylene as the single major product, with little of 
the aliphatic product being branched-chain, and most of 
the C, to C,, olefin consisting of straight-chain 1-alkenes 
(11). This difference in reaction can again be explained 
in terms of carbonium ions on the one hand, and of free 
radicals on the other. 

Catalytic Cracking (11,41). There is ample evidence 
pointing to the fact that the silica-alumina catalysts are 
acidic in nature. The catalysts may, for example, be 
titrated with potassium hydroxide and with organic 
bases such as quinoline. A discussion of the theories 
which have been advanced to explain the acidity of the 
catalyst is, however, beyond the scope of this paper. 
For present purposes, it is necessary only to assume that 
the reaction of the catalyst with paraffins (via incipient 
cracking or dehydrogenation) yields carbonium ions 
which start a chain reaction. 


+ 

CuHs(CH:),CH; + R* — + RH (1) 

CuH»(CH,),CHCH, CuH»,CH,CH,+ + CH,=CHCH; (2) 

(A) 


‘il 
C,HyCH.GCH, = C,HCH,CHCH,+ (3) 


H; H; 
(B) 
A = + CH:—CHCH; (4) 
B= + CH.=CCH; (5) 
H; 


Any of the carbonium ions present in the reaction 
system can start a new cycle by abstracting a hydride 
ion from a hexadecane molecule. 

It should be noted that since primary alkyl ions 
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readily isomerize to secondary and tertiary alkyl ion 
(e. g., equation (3)) the electron-deficient carbon atom 
is unlikely to be at the end of a chain of atoms. Ther. 
fore, beta-scission of the ion must of necessity yiel 
fragments containing at least three carbon atoms, thy 
explaining why the major products of catalytic cracking 
boil in the C; or higher range. Branched compounds 
predominate because of the ease with which the cgp. 
bonium ions rearrange. 

The action of aluminum chloride (promoted by 
hydrogen chloride) on paraffins leads to a reaction 
which has been termed autodestructive alkylation (14), 
It seems quite probable that this reaction involves 
catalytic cracking accompanied by alkylation, the 
alkylation proceeding via the addition of a tertiary alkyl 
carbonium ion to an intermediate olefin (formed by los 
of a proton from a carbonium ion) in the. manner de 
scribed above. 

Thermal Cracking (11, 21). The fact that ethyleneis 
a major product of the thermal cracking of hexadecane 
is inherent in the principle that free radicals do not 
readily isomerize. This also explains why the product 
contains few branched-chain aliphatic compounds. 


+ R- + + RH 


— + CH=CHCH; 
Cy, H2;CH.CH,2- Cy He; - CH=CH, 


The free radicals may crack (beta-scission) or dispro- 
portionate to yield a paraffin and an olefin, or react with 
hexadecane to form a paraffin and a hexadecy] radical 
which starts a new cycle. 


CRACKING OF OLEFINS 


The catalytic cracking of olefins in the presence of, 
for example, silica-alumina catalysts, is characterized by 
the fact that hydrogen transfer plays a major role andis 
selective for tertiary olefins; furthermore, the olefins 
crack at a much higher rate than the corresponding 
paraffins (11). These facts follow from the mechanism 
of the reaction (11,41). The hydrogen transfer, as has 
already been discussed, involves the conversion of al 
intermediate carbonium ion to a paraffin by abstraction 
of a hydride ion from another molecule of olefin or paral- 
fin; it proceeds more rapidly with tertiary ions than 
with primary or secondary ions. The greater rate d 
cracking is due to the more ready formation of car 
bonium ions by addition of a proton (from the catalyst) 
to the olefin, whereas in the catalytic cracking of paral 
fins the initial carbonium ion is formed from olefins 
which must first be produced by incipient thermal 
cracking or by dehydrogenation. 

On the other hand, in thermal cracking of olefins, 
olefins crack at about the same rate as paraffins and 
hydrogen transfer is a minor, nonselective, reaction (11): 
Again, this can be explained on the basis of the free 
radical mechanism. The double bond is not directly 
involved in the formation of the initiating free radicals. 
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Primary and secondary alkyl] radicals abstract hydrogen 
atoms from the allyl position in the olefins about as 
readily as do tertiary alkyl radicals. 


ISOMERIZATION OF PARAFFINS 


When pure n-butane is treated with aluminum chlo- 
ride or aluminum bromide no reaction occurs (25). 
Even the addition of a hydrogen halide promoter will 
have little effect unless the reaction mixture is heated to 
a sufficiently high temperature to cause some cracking. 
On the other hand, the presence of as little as 0.01 per 
cent of olefin in the butane results in isomerization. 
The olefin presumably serves as a means of forming a 
carbonium ion which acts as chain initiator, and, hence, 
need be present in only a very minor amount. Other 
promoters (chain initiators) include water (42), hydro- 
gen halide in substantial amount to cause cracking 
(about 15 mol per cent), and oxygen (26). 

The mechanism of the isomerization of butane may 
be indicated as follows (2): 


Rt + CH,CH.CH,CH, = RH + CH,CHCH.CH, 


CH,CHCH.CH, — CH,CHCH,+ = CH,GCH; 
H, tH, 


CH,GCH, + CH,CH.CH;CH; = 


H 
CH,CHCH, + CH,CHCH.CH, 


H; 


The thermal isomerization of n-paraffins does not 
seem to have been accomplished. This is not unex- 
pected since a free-radical mechanism would presumably 
be involved and, as has already been emphasized, free 
radicals do not readily undergo skeletal isomerization. 


SUMMARY 


In summary, it may be stated that reasonable ex- 
planations of a large variety of reactions have been 
given, based on acceptable principles of carbonium ion 
and free-radical behavior. It is hoped that these give a 
better understanding of the reactions and will help in 
formulating further experiments which will result in the 
discovery of new reactions. 
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* THE LITERATURE SUMMARY 


T'ue scientific and technical literature has today be- 
come voluminous and diffuse. Its effective utilization, 
however, is becoming increasingly important to indus- 
try and science, and its mastery has become a field of 
professional endeavor. Increasing attention is being 
given to devices—old and new—which aid in the trans- 
lation of printed knowledge from source to prospective 
user. Punched cards, microfilms, microcards, and 
rapid scanners are becoming the order of the day. The 
literature researcher and the technical librarian are 
transforming an art into a science. 


DATA TRANSMISSION 


When these literature scientists have completed the 
searching part of their work, however; when, given a 
subject on which information is desired, they have 
delved into the records of the past and have come up 
with the existing data, they still have the task of trans- 
mitting their findings to those who have need of the 
information. This can sometimes be effected by simple 
transfer of note cards, abstract forms, or punched 
cards—if only one or two people must use the informa- 
tion obtained, and if qualifying statements and de- 
tailed indexes are not required. More often, however, 
the results of a literature study must be transferred in a 
more systematized manner, for use by a number of per- 
sons. This requires careful selection of a method of 
reproduction—but it first requires the preparation of 
the material in the most suitable form. 

Several methods of data presentation are available 
to the literature worker, each with its particular ad- 
vantages. Sometimes, a bibliography (indexed, or 
classified by subject) will suffice, where the reader, for 
one reason or another, wishes to follow all leads back 
to the primary literature. Where more information is 
desired, yet where equally close identification of data 
with source is important, use may be made of the litera- 
ture search or annotated bibliography; items in this, 
also, may be classified by subject, or arranged alpha- 
betically by author, chronologically, etc., and then sub- 
ject-indexed. The abstracts or annotations included 
give the user more precise information about the pri- 
mary literature, and aid him in selecting more accu- 
rately the references which may contain the desired data. 

Finally, the literature scientist may choose or be 
directed to prepare a literature summary—literature 
survey, literature study, literature review, or informa- 
tional survey, as it is sometimes called. Actually, the 
literature summary differs little in general form from 


1 Presented at the 119th Meeting of the American Chemical 
Society, Boston, April 2, 1951. 


B. H. WEIL 
Ethyl Corporation Research Laboratories, Detroit, 
Michigan 


the technical report or paper on original research. To 
prepare a literature summary properly, however, the 
writer: (1) must be fully cognizant of the specific needs 
of those who requested the information—preferably 
from direct conferences; (2) must have (or attain) an 
understanding of at least the fundamentals of his sub- 
ject and a more or less extensive background in the 
general field of his study; (3) must be able to locate the 
desired information, and to recognize its importance; 
(4) must be able to orient his findings from the view- 
point of the prospective readers; and (5) must be able 
to present his facts effectively. All this requires proper 
scientific training, knowledge of literature science, and 
writing ability, plus experience in all phases of the 
work—which can be gained only from practice. 


HANDLING OF DATA 


Preparation of a literature summary requires quite a 
different approach from the compilation of a bibliogra- 
phy or search. The data located must be analyzed by 
the writer, not just classified for later consideration by 
the user. Original references must usually be scanned, 
in much the same manner as the ultimate reader would 
do it were he making the study himself. 

Prior to the actual writing of the literature sum- 
mary—as soon as the writer has oriented himself ade- 
quately with respect to the subject to be summarized— 
an outline must be prepared by which material located 
may be classified and cross-classified for eventual sum- 
marization. This is an important step, for without it— 
unless the data located are scanty—the writer will have 
no logical way of handling what he hasfound. Changes 
in the outline can and probably will have to be made 
during the course of the actual writing, but they can be 
handled efficiently if the data have been classified; 
otherwise, confusion occurs, and important facts may 
be lost. 

Outlines are obviously susceptible to considerable 
variation, but in general a literature summary includes: 
(1) a digest or abstract of contents; (2) an introduction 
(which defines the scope of the summary and presents 
the background material); (3) a description of equip- 
ment (if the summary is on a process), physical data 
(if on a material), or theory; (4) a description of opera- 
tions, syntheses, reactions, etc., depending on the sub- 
ject of the summary; (5) a discussion of the significance 
of the information presented; (6) where desirable, a 
section containing recommendations; and (7) a bibli- 
ography. 

Actual classification may be effected in any of several 
ways. If the writer has accumulated a file of photo- 
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copies, tear sheets, etc., of the primary literature—by 
no means an extravagant method unless carried to 
absurdity—or if he has acquired a card or note file 
which contains all of the data that he intends to include 
in his summary, he may proceed to arrange these in 
some logical order (perhaps in alphabetical order by 
authors, as they might appear in the summary’s bibli- 
ography), number them, and then write the appropriate 
numbers under the various sections of his outline. 

Alternatively, data sheets may be prepared for each 
section of the outline and the pertinent information 
then actually written thereon (with identification of 
cource) for later regrouping and summarization. If 
punched cards are used to record the data collected in 
the course of the initial search and are coded in accord- 
ance with the outline, they need only be numbered to 
correspond with the bibliography, since the cards per- 
taining to each phase of the subject can then be sorted 
out as required. 

Prior to and during summarization, each bit of perti- 
nent information must be analyzed impartially and 
objectively. Where the data located differ (as in the 
case, for example, of physical data), three roads lie open: 
(1) reporting all the data, regardless of conflicts; (2) 
averaging, under certain circumstances; or (3) selec- 
tively reporting only part, on the basis of known or 
apparent validity. He who chooses the last-mentioned 
path must do so only if he is an authority on the subject 
or has obtained expert advice; even, then, he will do 
well to cite conflicting data at least by reference to 
source. 


WRITING THE SUMMARY 


When all this has been done, the literature sum- 
marizer is ready to write his review. He is now in a 
position similar to that of the laboratory scientist who 
has completed his experimentation and has made his 
initial correlations. Both must then present their 
information in the manner best suited to serve the pur- 
poses of their studies. Usually, this means the exposi- 
tory writing of a report or paper; in the case of the 
literature summary, it can even be a book. 

Style and content must be carefully slanted to the 
audience and in accordance with the purpose involved, 
as must length. Differences obviously exist between 
the technical or scientific literature summary, the tech- 
nical-economic literature summary, the “popularized”’ 
or interpretive literature summary, the patent sum- 
mary, the search-summary, and the current literature 
summary (of any of the preceding types). 

The Technical Summary. In writing the technical 
literature summary, the author proceeds exactly in the 
same manner as if he were writing any other technical 
paper or report. Keeping his audience in mind, he 
summarizes his data with attention to accuracy, clarity, 
brevity, consistency, and interest. When using tech- 


nical terms and symbols, he defines all those which can 
be variously interpreted, often preparing a glossary. 
If he uses abbreviations, he does so consistently and in 
accordance with accepted practice, usually introducing 
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uncommon abbreviations in parentheses after the full 
terms where they first appear. 

Since the literature scientist knows that the data he 
is summarizing must be used by others, and be under- 
standable to them, he is careful to introduce his subject 
fully and to provide background facts and thedries— 
without, however, ‘writing down’’ to his audience. 
Just as in the reporting of a laboratory study, the 
writer, wherever possible, presents his data in tabular 
form, and the relations between variables and the cor- 
relation of results in the form of graphs or formulas. 

As mentioned, the actual writing usually follows the 
path of the prepared outline. 

A bibliography is an essential part of any scientific or 
technical summary. The literature summarizer is not 
the primary source for the data he presents, and the 
users of these data will frequently desire to review the 
original references for answers to additional questions, 
or to resolve conflicts which the summarizer did not take 
upon himself to decide. 

The Technical-Economic Summary. The technical- 
economic literature summary has all of the prerequi- 
sites of the technical summary plus the slant of economic 
interpretation. In it, the summarizer presents his 
facts as background for conclusions, accurately and 
objectively, and with full documentation as to source. 

Care should be taken to avoid “special pleading’’ 
which disregards evidence. However, the experienced 
summarizer can render a great service by filling in gaps 
from his own knowledge and by interpreting existing 
facts. 

The “Popularized”’ Summary. The “popularized’’ or 
interpretive literature summary differs in scope from 
the technical-economic summary; it presents the sum- 
marizer’s conclusions with little statement of actual 
data—and that only in terms which the nontechnical 
reader can understand. In the interpretive literature 
summary, the writer presents the background of the 
subject, the reason for the study, and the meaning of 
the information located. Since such summaries often 
find their way into technical hands for further study 
and recommendations, the writer must—as always—be 
objective and accurate, and should document his state- 
ments or at least prepare a list of selected references. 

The Patent Summary. Summaries of the information 
contained in patents differ littie from other technical 
literature summaries, except that the reviewer of pat- 
ents must exercise unusual precautions to distinguish 
between legal verbosity and actual hard facts, and to 
differentiate clearly between closely related patents. 
Further, he must consider certain patents from the 
standpoints of validity, priority, infringement, etc. 
Except for their legal connotations and involved verbi- 
age, patents may be considered as technical documents, 
and their data can be so summarized. 

The Search-Summary. This is a hybrid form of both 
the literature search (annotated bibliography) and 
literature summary, intended for some of the purposes — 
of both. The final report contains abstracts of the 
pertinent literature references, arranged in some logical 
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order, and numbered. Instead of preparing a detailed 
subject index, however, the literature worker presents 
the salient facts contained in these abstracts in sum- 
mary form, with numerical reference to the specific 
abstracts that relate to each phase. 

Users of a search-summary may thus quickly gain an 
over-all understanding of the subject in question by 
reading only the summary part, or they may obtain 
further information from the appended abstracts. 
Naturally, the summary must follow a logical outline 
or else the reader who is looking for specific information 
will be unable to obtain it as readily as he would from 
a “simple”’ well-indexed search. 

The Current Literature Summary. Most of what has 
been discussed prior to this point has been concerned 
with summaries of broad segments of the literature— 
information usually obtained by searching the prior 
literature (at least for the last several years) on the sub- 
ject in question. The summaries so prepared are as up 
to date as the writer can make them, and often serve to 
guide quick decisions, but they are not deliberately 
‘“‘newsy.”’ 

In recent years, increased attention has been given 
to the periodically prepared current literature summary, 
designed to keep the workers in a given field or industry 
abreast of the happenings which concern them, and to 
help executives to make decisions on an informed basis. 
In this category are the annual or semiannual reviews 
published by technical and trade journals. More to the 
point, however, are the monthly, bi-weekly, or even 
weekly summaries which at least a few groups are cur- 
rently preparing. 

The current literature summary differs from the cur- 
rent abstract bulletin in the same manner that a “sum- 
mary”’ differs from a “search.”” The current abstract 
bulletin presents its information item by item, with 
detailed identification of source and rarely with any 
mention of conflicts even between contiguous abstracts. 
The current information summary, on the other hand, 
is prepared in semi-narrative fashion, and, even where it 
is strictly factual and deliberately noninterpretive, con- 
flicts of ‘facts’ from source to source are made to stand 
out clearly. 

In preparing a current literature summary, the litera- 
ture scientist must naturally have a broad understand- 
ing of his field or industry; otherwise, he will omit items 
by failing to note correlations. He must scan his 
selected sources—journals, newspapers, bulletins, ete.— 
swiftly yet thoroughly, and must organize his findings 
carefully—again by use of a prepared outline. 

During the survey period, notes, clippings, etc., are 
usually classified as located and are sorted in accordance 
with their classifications. At predetermined intervals, 
a summary is then prepared, section by section, of the 
information obtained since the previous summary was 
written. 

In writing his summary, the reviewer attempts to 
present an organized over-all picture of discoveries, 
statistics, statements, and events, with careful docu- 
mentation as to source, either by abbreviated references 
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following the item or sentence or by numbered refer. 
ences to a bibliography. Frequently, items on a given 
phase will not be directly related; here, the summary 
unavoidably resembles a sequence of abstracts. Hovw- 
ever, where several items interrelate to present informa- 
mation on a single aspect, true summarization must be 
used. 

While the writer of a current literature summary 
generally attempts to present his facts in an absolute 


minimum of words, he usually also strives to summarize ‘ 


his findings in a readable fashion, often without the 
use of any but scientific abbreviations. Some writers 
employ a staccato style, with emphasis (by underlining, 
etc.) on salient points. Others, however, use continu- 
ous sentences and paragraphs, even employing, on occa- 
sion, quoted selections from the original authors’ word- 
ings, with appropriate deletions in order to accomplish 
the necessary brevity. 

Although a given item may be publicized in several 
journals, its salient facts must be cited only once— 
which means that the writer must check items carefully 
to avoid such duplication. Similar but not identical 
papers are scanned only for incremental information, 
and only this is reported. In order to attain reasonable 
brevity, repetition of information on new theories, 
processes, products, or plants is held to a minimum— 
not an easy task since organizations are all too prone 
(understandably) to issue “progress reports.” 

Concerning new plants, for example, rumors of plans 
may appear in print; company announcements may be 
publicized; the choice of a contractor may receive 
attention; later reports may deal with completion 
schedules and trial runs; and articles may appear 
which describe the plant in operation. From this welter 
of facts, the writer of a current information summary 
must select the pertinent data and report them only 
once—in incremental fashion, if need be, and with re- 
gard to changes in plans, but with precautions against 
simple repetition. 

Depending on the purpose of his summary, the writer 
may be strictly factual, deliberately refusing to com- 
ment about conflicting facts or opinions but reporting 
all viewpoints (with documentation to authority and to 
source), or he may be interpretive as well. This is a 
matter to be decided for each summary; however, the 
writer must be a real expert if he takes it upon himself 
to choose sides in published arguments. Moreover, 
he must be careful not to overemphasize the phases of a 
subject which happen to be of personal interest to 
him. 

If his task is well done, the current literature sum- 
marizer renders an important service, for he adds to 
knowledge through the synergistic effect of bringing 
related information into alignment. Moreover, his 
objective pulling together of related facts often serves 
to catalyze further thinking on the part of the reader, 
who—lacking adequate time to read all of the necessary 
publications—may miss certain items and fail to con- 
nect others. Just as in the case of the preparation of 
other types of summaries, the work of one or two litera- 
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ture scientists can here be substituted effectively for 
the less organized, unhappy, wasteful, and incomplete 
efforts of many to keep abreast of their fields. 

The literature summary—be it journal review, bulle- 
tin, book, or company internal report—represents the 
apex of achievement for the literature scientist. In its 
preparation he calls into play all his skills as a literature 


VLADIMIR PRELOG 


ViapImMiR PRELOG’s exceptional competence as an 
organic chemist is well recognized on both sides of the 
Atlantic. He was born at Sarajevo, Jugoslavia, on 


‘ July 23, 1906. This little town in former Austria- 


Hungary had the distinction of being the birthplace 
also of World War I, for it was here that the Archduke 
Francis Ferdinand, heir to the Austrian throne, was 
assassinated on June 28, 1914. 

Prelog received his early chemical education (1924— 
29) at the School of Chemical Engineering of the Insti- 
tute of Technology in Prague. The doctoral thesis was 
prepared under the guidance of Emil Votoéek, the well- 
known sugar chemist. From 1929 to 1934 Dr. Prelog 
worked in the laboratory of G. J. Driza, Prague, where 
fine chemicals were produced on a small scale, and he 
acquired skills and outlooks not usually imparted in 
university laboratories. In 1935 he entered academic 
work and served (1935-41) as lecturer and professor of 
organic chemistry at the University of Zagreb, Jugo- 
slavia. Since 1942 he has been at the well-known lab- 
oratory of organic chemistry of the Eidgenossische 
Technische Hochschule in Ziirich. Here he was pro- 
moted to a full professorship in organic chemistry in 
1950. 

About 170 papers record the results of his researches. 
These may be found in the Collection of Czeckoslovak 
Chemical Communications, Liebig’s Annalen, Berichte 
der deutschen chemischen Gesellschaft, Journal of the 
guia Society, and especially Helvetica Chimica 

cla. 

His main fields of interest have been varied. They 
include: (a) heterocyclic compounds, (b) alkaloids, (c) 
alicyclic compounds, (d) biochemical materials. 

In the earlier period Prelog and co-workers prepared 
various heterocyclic compounds and developed methods 
for their synthesis. In this connection derivatives of 
pyridine, piperidine, piperazine, and the little-known 
bridged heterocyclic systems, like quinuclidine, were 
extensively studied. 

In the course of this work the compounds which are 
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searcher; his powers of selection, differentiation, and 
correlation; his ability to write effectively; and his 
discernment as to the purpose of his study and the needs 
of the potential users. Information searching can and 
will be increasingly mechanized, but the end product— 
the information obtained—will always require informed 
interpretation and summation. 


RALPH E. OESPER 
University of Cincinnati, Cincinnati, Ohio 


known today as the nitrogen mustards, 7. e., 8,8-di- 
halogeno-dialkylamines, were prepared. 

Perhaps the most outstanding results in the domain 
of bridged heterocycles is the resolution of Tréger’s base 
into its optical antipodes. Not only is this the first 
case of the resolution of a compound with trivalent 
asymmetric nitrogen, but it is also the first case in 
which chromatography on an optically active adsorbent 
has been used for a preparative separation of optical 
antipodes. 

Prelog and his research group have devoted a great 
deal of time to the alkaloids, and from his laboratory 
came several important contributions to the elucidation 
of the structure and stereochemistry of many alkaloids, 
é. g., quinine, strychnine, solanidine, etc. 

His work in alicyclic chemistry covers many different 
topics, such as: the synthesis of adamantan, which 
proved the constitution of this interesting and highly 
symmetric hydrocarbon found in Moravian naphtha; 
the studies on the synthesis of phenols from #-dicar- 
bonyl compounds; and steroid and triterpene chemistry. 

In continuation of the tradition of the Ziirich 
laboratory, the many-membered ring compounds and 
the causes of the influence of ring size on the physical 
and chemical properties were investigated. These 
studies also contributed to the knowledge of the so- 
called Bredt’s rule. 

His studies of biochemical materials dealt with the 
isolation and the study of compounds present in small 
quantities in extracts of animal organs and in urine. 
A number of new substances were isolated, among them 
the androstane derivatives, with a musk-like odor, from 
boar testes, and the numerous ionone derivatives from 
pregnant mares’ urine. The latter are the degradation 
products of carotinoids, and were overlooked by other 
investigators. 

In 1949 Professor Prelog delivered the Centenary 
Lecture before the Chemical Society of London, and in 
February and March, 1950, he was Reilly Lecturer at 
the University of Notre Dame. 
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* AN EXPERIMENT FOR MEASURING THE 
THERMAL CONDUCTIVITY OF GASES 


Tus analysis of gaseous mixtures by thermal conduct- 
ance depends upon the fact that the rate at which heat 
is lost from a hot wire varies with the composition of 
the gas in contact with the wire (1, 2, 3, 4, 5). Indus- 
trial applications of this principle have long been known, 
particularly for the analysis of flue gas. Although inex- 
pensive equipment is commercially available, the 
method has been included in very few courses on instru- 
mental analysis because of the difficulties encountered 
in preparing and handling mixtures of gases. If gas- 
handling equipment is used, the student must spend a 
large fraction of the laboratory period in becoming 
familiar with the methods for handling gases before 


getting to the portion of the experiment dealing with’ 


the measurement of thermal conductance. One way 
of minimizing gas handling is to take a sample of gas, 
such as air, and measure its thermal conductance before 
and after removing one component, for instance, carbon 
dioxide. This technique, however, suffers from the 
disadvantage that unknowns cannot be easily prepared. 
The purpose of the present paper is to show that many 
of these problems can be avoided by analyzing gaseous 
mixtures resulting from the passage of an inert ‘“‘carrier’’ 
gas through a volatile liquid. Binary liquid mixtures 
of different compositions are easily prepared for use in 
making calibration curves and as unknowns. 


OUTLINE OF THE EXPERIMENT 
Apparatus. Figure 1 shows a simple method for 
setting up the apparatus, which consists of two drying 


GAS ery 
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= 
BRIDGE 
“VAPORIZER” 
/ 
STOP COCKS BUBBLE COUNTERS 
Figure 1. Gas-train for the Analysis of a Liquid by Measuring the 
Th 1 Conduct of Its Vapor 


tubes, three 250-ml. gas-washing bottles, a thermal con- 
ductance bridge (ref. (5) gives a list of manufacturers) 
and two glass stopcocks to control the flow rates. One 
gas-washing bottle serves as a “vaporizer” and has 
glass wool in the neck to catch droplets of liquid. The 
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To Potentiometer 


Hot Wires 


CONTROL PANEL 


GOW-MAC CONDUCTIVITY UNIT (8/7) 
Figure 2. Schematic Diagram for the Conductivity Bridge and th 
Associated Control and Measuring Circuits (Gow-Mac, B/T Bridge) 


R:—current adjuster, 50-ohm radio type potentiometer 
R:—zero adjuster, 2-ohm radio type potentiometer 
SWi—on-off switch, SPST toggle 

MA—4d.-c. milliammeter 


other two are bubble counters for gaging the rate of 
flow. To minimize the absorption of vapors care was 
exercised in making connections involving rubber tub 
ing to insure glass-to-glass contact. The source of the 
carrier gas can be a compressed air line, a nitrogen tank, 
or room air drawn through the system by means of 8 
vacuum line or an aspirator. 

The electrical system is shown in Figure 2. Thed-. 
milliammeter and the resistor, R,, serve to control the 
current flowing in the circuit while the resistor, } 
serves to balance the bridge at zero output with the 
carrier gas in all cells. An ordinary 6-v. lead storage 
battery supplies the e. m. f. The unbalance of the 
bridge may be read using a potentiometer or, less at- 
curately, a microammeter (2). 

Operation. After the electrical and gas-train cot 
nections are made and the current through the hot wires 
adjusted to the value recommended by the manufat- 
turer, the bridge is allowed to warm up. Then, while 
passing the carrier gas alone through both sides at 
flow rate of about 3 to 6 bubbles/sec. and a head of we 
ter of about 2 in. in the bubble counters, the bridge ® 
brought to an approximate balance by adjusting & 
The balance of the bridge is checked at approximately 
5-min. intervals. After about 15 to 25 min., when the 
changes in balance have become less than 0.5 mv./mil, 
one can assume, without introducing serious error in the 
measurements, that the bridge has reached equilibrium. 
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Figure 3. The Rate of Approaching a Steady Value upon Passing 
400 M1. /Min. of Nitrogen through Pure Acetone (Gow-Mac, B/T Bridge) 
Then the “vaporizer,’’ a gas-washing bottle containing 
the liquid whose vapor is to be measured, is placed in 
one line and its vapor, together with the carrier gas, 
(The 
flow rates through the two sides of the bridge may have 
to be readjusted.) Readings are then taken until a 
constant value is reached. A period of about 10 to 15 
min. is usually required as shown in Figure 3. 

Results. The extents of unbalance obtained with a 
number of pure solvents at about 25°C. are given in the 
table together with the effect of changing the carrier 


 Unbalance Produced by Vapors Obtained from Pure 
Thermal 


Liquids at About 25°C. eng Gow-Mac 


Conductance Unit (Model B/T) 
Unbalance, Carrier 
Compound mv. gas 

Water 16.4 Dried air 
15.0 Nitrogen 

Methyl alcohol 3.5 Nitrogen 
Acetone —60 Nitrogen 
n-butyl alcohol —1.61 Dried air 
Benzene —57 Dried air 


gas from nitrogen to dry air. Values for unbalance are 
given merely as an indication of the order of magnitude 
of the unbalance; the signs, although consistent within 
the set, are arbitrary. The values depend on the sensi- 
tivity of the bridge (usually defined as the millivolts 
of unbalance produced per 1 per cent of carbon dioxide 
added to air) and the ambient temperature, the 
latter affecting chiefly the vapor pressure of the liquid. 
A study over the range of 10 to 30°C. showed an in- 
crease in unbalance of about 1 mv./°C. for acetone. 
Ordinarily, it is more satisfactory to study the effect of 
a temperature change by’ cooling the liquid because, if it 
isheated more than a few degrees above room tempera- 
ture, vapor will condense throughout the system. 

Figure 4 shows a calibration curve for mixtures of 
acetone and water containing from 0 to 100 volume per 
cent of acetone. The students can prepare both the 
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standard solutions and the calibration curve in about 
90 min., following which, unknown solutions of acetone 
and water prepared by the instructor may be analyzed. 
Because of the large volume of solution used, no diffi- 
culty has been experienced from a change in the com- 
position of a sample during an analysis. 

Using the same apparatus it is possible to compare the 
efficiencies of different drying agents at the same or dif- 
ferent rates of gas flow. The unbalance produced, 
however, is usually small and inconclusive. One can 
also examine the change in unbalance due to tilting (3) 
and to vibration (a sharp tap has been found to cause 
fluctuation as large as 0.30 mv.) of the bridge. 

Possible Refinements. In the first place, because the 
amount of liquid vaporized is a function of its tempera- 
ture and because the temperature of a volatile liquid 
decreases noticeably during a run, a thermostat should 
increase the reproducibility. Second, although most 
commercial bridges are designed to minimize the effect 
of large variations in the flow rate, one might gain pre- 
cision by substituting for the bubble counters simple 
flow meters which are commercially available. 

At the present time, work is being carried out along 
the lines outlined above in the hope of increasing the 
sensitivity and the reproducibility of the technique so 
that it can be applied to the analysis of a wide variety 
of liquids. 
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Figure 4. Calibration Curve for Mix of Acet and Water 
Prepared by Bubbling 600 Ml./Min. of Nitrogen through Samples 
2 Cm. Deep (Gow-Mac, B/T Bridge) 
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ALEXANDER SCHMIDT’ 


Ir 1s now 90 years since Alexander Schmidt announced 
a new theory concerning blood coagulation before the 
Berlin Academy of Science. At that time he was work- 
ing under Hoppe-Seyler in the chemical department of 
the Virchow pathological institute in Berlin. This 
theory has withstood every subsequent criticism and 
even in our days it has proved useful for therapeutic 
work. 

According to the theory fibrin is formed through an 
enzymatic denaturation of fibrinogen dissolved in the 
plasma of the blood stream. Thrombin, the active 


1The biographical data appearing in this article are taken 
from a memorial publication issued at the 100th anniversary of 
the birth of Alexander Schmidt. This was compiled from letters, 
notes, and oral traditions within his family and was generously 
presented to the author, together with the »nique photograph, 
taken by Dr. Erhard Schmidt, professor of . athematics at the 
Humboldt Universitat in Berlin, a son of Alexander Schmidt. 


E. JORPES 
Karolinska Institutet, Stockholm, Sweden 
(Translated by M. Cederlund) 


enzyme, is formed from an inactive precursor, pr. 
thrombin, which also is to be found in the plasma and 
which is activated by zymoplastic substances from the 
white corpuscles and from the tissues. Although 
thrombocytes were not known at the time, the theory 
is practically the same as that which we have today 
about coagulation. 

It is interesting to know that our knowledge about 
the coagulation process originated with Virchow, who 
in 1846 explained the connection between pulmonary 
embolism and peripheral veinous thrombosis. He wasa 
man of foresight and incorporated a chemical section 
in his new pathological institute of which the youn 
doctor Felix Hoppe-Seyler was appointed head in 1854. 
During a period of 30 years Alexander Schmidt con- 
pleted the study of the coagulation of the blood whic 
he began under Hoppe-Seyler. 

Schmidt belonged to an old German family. Early 
in the eighteenth century the Prince Elector, later 
King Fredrik Wilkelm I of Prussia, created the Prussian 
military drill system, called by Voltaire Bulgarian dril. 
Johan Heinrich Schmidt, a young candidate for Holy 
Orders, found it necessary to escape from a smell vi- 
lage in east Prussia to the Russian side of the border in 
order to avoid being called to the colors. He was 
ceived by his fellow believers on the island of Osel where 
he earned his bread by preaching the Gospel. (Happy 
days when priests fled to Russia for refuge!) His de 
scendants followed the same vocation and one of his 
grandsons, Alexander, was vicar of the island of Moo 
with the island of Osel as an annex. Here his sm 
Alexander, born in 1831, grew up with his ten brothers 
and sisters, all of whom received their elementary 
education in the prosperous vicarage. Alexander te 
ceived his secondary school education at Reval. h 
1850 he came to the university of Dorpat to devote hin- 
self to historical studies. After having lost the sight d 
one of his eyes in a fencing duel of the conventional type 
between German students, he had to change his studies 
in order to make a living and took up medicine. He 
passed his medical examination at Dorpat. 

This university has a history marked by extraord: 
nary vicissitudes, as has the town of Dorpat itself, the 
cultural centre of Esthonia. Dorpat is the Germal 
name of the town, the Esthonian name is Tartu, and the 
Russian is Jurjef. The city, as’ well as the country 88 
whole, has had an exceedingly checkered history. 
It has changed hands between Russia, Sweden, Ger 
many, Denmark, and Poland, in accordance with the 
changes in the power balance in the Baltic. As eatly 
as 1030 the city was taken for the first time by the Rus 
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sians under Grand Duke Jaroslav I. It has been re- 
peatedly plundered and ransacked and its burghers 
were deported to Siberia the last time, following the 
Russian occupation of the Baltic states during World 
War II. During the seventeenth century the country 
belonged to Sweden. As a memorial of the Swedish 
days, Esthenia has a Court of Civil and Criminal Appeal 
and a university at Dorpat. The charter of founda- 
tion of the latter was signed by King Gustavus Adol- 
phus at his camp at Niirnberg during the 30 years war a 
few months before his death at Liitzen in 1632. 

Esthonia was ceded to Russia in 1721, but not until 
1802 did Czar Alexander I revive the university at 
Dorpat, mainly with the aid of German scholars. 
During the following 90 years the university was almost 
exclusively German, particularly the medical faculty, 
although physicians were trained for service in Russia. 
Many famous Germans began their career as teachers 
there, such as the surgeon E. von Bergmann, Wilhelm 
Ostwald the chemist, O. Schmiedeberg the pharmacolo- 


gist, Rauber the anatomist, and Ernst Kraepelin the 
psychiatrist. Alexander Schmidt, who hailed from 
Esthonia, remained at Dorpat. 

After many years of study in Germany Schmidt be- 
came a lecturer at Dorpat in 1862 and became profes- 
sor of physiology in 1869, a position which he held 
for 25 years. He published his scientific results in his 
pupils’ doctor’s treatises. In all, there were about 50 
such treatises, mainly dealing with the coagulation of 
the blood. They were summarized in two monographs 
of which one, “‘Zur Blutlehre,”’ was published at Leip- 
zig in 1892, and the other, “Weitere Beitrage zur 
Blutlehre,”’ posthumously at Wiesbaden in 1895. 

In 1885 Schmidt was elected chancellor of the univer- 
sity of Dorpat for a period of four years. At about this 
time the Russification process had begun in Esthonia 
and Schmidt was the last German chancellor to be 
elected by the collegium. 

Alexander Schmidt died in 1894 and was buried in 
the cemetery of St. Johns at Dorpat. 


Maxy classroom demonstrations of fundamental 
chemical experiments can be conducted on a scale which 
permits those in the back rows of the lecture hall to wit- 
ness the operation. It is not probable that lecturers 
have resorted to wash tubs and bath tubs for these 
larger demonstrations, but there are times that if glass 
containers of comparable size were available they might 
have been used. 

On the other hand, there are chemical phenomena 
which take place only on a small scale and must conse- 
quently be eliminated from demonstration experiments 
except for small groups. Thus, it would be almost 
hopeless to expect a typical member of a lecture section 
which exceeds a few dozen in size to observe critically a 
demonstration of surface tension wherein a steel needle 
or a razor blade is suspended by the surface film of 
water. In an electrolysis experiment, to report to the 
students in the back row that gas bubbles are forming 
at the anode constitutes a ridiculous situation. 


THE OVERHEAD PROJECTOR AND CHEMICAL 
DEMONSTRATIONS 


W. H. SLABAUGH 
Kansas State College, Manhattan, Kansas 


In order to solve this problem the writer has adapted 
an overhead projector! to several chemical demonstra- 


tions, some of which are described below. The advan- 
tages of this type of presentation are at once obvious. 
In classes numbering over 200 students, all members 
can easily observe the demonstration as it is projected 
on the screen even though the room is partially illumi- 
nated. This permits the student the opportunity of 
taking notes at the same time that the demonstration is 
being projected on the screen. There is a minimum 
amount of disruption to the course of the lecture be- 
cause the projector is on the lecture table and the lec- 
turer who operates the projector remains in visible con- 
tact with the class at all times. 

Noller? has suggested the use of the overhead pro- 
jector for the demonstration of optical activity. There 

1 Overhead projectors are available from the Charles Beseler 


Co., American Optical Co., and Bausch & Lomb Optical Co. 
2? C. R., J. Coem. Epuc., 26, 269 (1949). 
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are undoubtedly others who have used this medium for 
specific demonstrations, but there appears to be a great 
number of commonly used demonstrations which can be 
performed in this manner. 


DEMONSTRATION EXPERIMENTS 


(1) The Activity Series for Metals. Symbols for com- 
mon metals such as magnesium, zinc, iron, tin, and cop- 
per are written with wax pencil on the bottom of a 
crystallizing or culture dish. Dilute hydrochloric acid 
is then placed in the dish to a depth of 5mm. Into the 
dish on the projection table are dropped small pieces of 
the appropriate metals, whereupon hydrogen bubbles 
form at a rate relative to the activity of the metal. 
The figure shows the projected image. 


The Relative Activity of Certain Metals in Displacing Hydrogen from 
Dilute Hydrochloric Acid 


(2) Electrolysis of Water. A miniature Hoffman 
apparatus with electrode chambers about 10 cm. long 
can be easily constructed using glass tubing of oval 
cross section. Circular cross-section tubes filled with 
liquids will appear as solid shadows on the screen. The 
arms and reservoir are mounted at 45° to normal so 
that the image on the screen will show these parts. In 
performing this experiment the gas bubbles which form 
at the electrodes will appear on the screen as large as 
20 cm. in diameter. In the traditional manner, organic 
dye indicators may be used which will indicate the 
acidic and basic nature of the electrolyte at the cathode 
and anode, respectively. 

(3) Random Motion of Gas Molecules (Kinetic-Molec- 
ular Theory). A dozen or more pieces of metallic 
sodium approximately 2 mm. in diameter are dropped 
into a crystallizing dish which contains a few ml. of 
water. The degree of activity of this reaction causes 
the metal to melt into spheres almost immediately, 
and to travel at speeds of 10 to 20 cm. per sec. across 
the surface of the water. At the edges of the dish, the 
water meniscus provides a suitable barrier which turns 
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the globules of sodium back an angle of reflection appar. 

ently equal to the angle of incidence. The turbulent 
wake caused by this motion leaves a record of the path 
which the metal sphere follows, but this wake soon syb- 
sides so that the greater portion of the surface of the 
water remains undisturbed. The presence of phenol- 
phthalein in the water produces a very colorful wake 
which adds considerably to the spectacular nature of 
this experiment. 

(4) The Action of Metal Couples. Pieces of zing 
and copper screen are placed in dilute hydrochloric acid 
in a crystallizing dish. Hydrogen gas is evolved at the 
zinc screen until the two metals are placed in contact 
with each other. Then the gas bubbles form on the 
copper. Metal in the form of screen has been found 
advantageous because of the greater degree of visibility 
provided by this form in contrast to solid pieces of the 
metals. 

(5) The Relative Strength of Acids. Five small crys- 
tallizing dishes containing dilute solutions of HCl, 
H.SO,, CH;COOH, citric acid, and boric acid are placed 
on the projector. When small pieces of zine are added 
to each dish the relative activity of each acid is easily 
deduced on the basis of the quantity of hydrogen bub- 
bles which appear on each metal. 

(6) The Qualitative Aspects of Optical Activity. A 
crystallizing dish containing a solution of an optically 
active compound is sandwiched between two sheets of 
Polaroid. Orientation of the upper sheet will readily 
show the effect of rotation of the plane of polarized light 
by the optically active compound. 

(7) Electrochemical Experiment. Not only small 
scale cells may be projected but also the electrical 
measuring instruments, if constructed on transparent 
plastic bases; all information concerning the experi- 
ment becomes directly available to each member of the 
class. Wiring diagrams of the electrical circuits can be 
made an integral part of the actual apparatus. 

Many other lecture experiments can be performed in 
this manner. The color response of indicators to acids 
and bases, the formation of insoluble products, the speed 
of chemical reactions as a function of state of subdivi- 
sion, and the exhibition of molecular models are exam- 
ples. In setting up experiments with the overhead 
projector it is well to bear in mind that the apparatus 
for the most part must be transparent and that the view 
on the screen will be as if one were to look directly 
downward at the experiment. 

It has recently been suggested by Kharasch* that 
lantern slides can be used to an advantage in organi¢ 
chemistry courses. The overhead projectors noW 
available not only project the standard slide from the 
lecture table, but permit the use of slides which are 
made on cellophane, Kodapak, or other transparent 
media. Diagrams, charts, graphs, etc., up to 7 X 7 
inches can be easily reproduced by simply tracing the 
original onto the transparent sheet by means of a wax 
pencil. The storage of slides of this type resolves into 
the use of an ordinary letter file. 

* Knarascu, Norman, J. Cuem. Epvc., 28, 280 (1951). 
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GERMAIN HENRI HESS AND THE FOUNDA- 
TIONS OF THERMOCHEMISTRY' 


T wermocuemistry had its beginning in the studies of 
Lavoisier and Laplace which established the fact that 
the heat absorbed in a reaction is equal to the heat 
liberated in the reverse reaction. This work was not 
followed up, and chemists in the first half of the nine- 
teenth century were mostly concerned with the analysis 
and reactions of inorganic and organic compounds. 
Heat was a subject which was left to the physicist. 
The work of Germain Henri Hess was therefore the more 
original, since he pioneered in a field which his contem- 
poraries were neglecting almost completely. His own 
training had done nothing to prepare him for thermo- 
chemical studies, since it was exactly that of all the 
chemists of his day. In fact, he was well known 
among his colleagues for a wide variety of studies in 
both inorganic and organic chemistry before he under- 
took his work in thermochemistry. Today, however, 
the situation is reversed, and his other work is forgot- 
ten. Only his name is now remembered, and this only 
in connection with his chief generalization—the Hess 
law. 

Hess was born in Geneva on July 26, 1802 (7), but at 
the age of three he was taken to St. Petersburg, where 
his father was a teacher, and almost all of his life was 
spent in Russia. In 1822 he entered the medical faculty 
of the University of Dorpat, then one of the leading 
universities of Russia. Although his studies were 
chiefly medical, he found time to obtain a thorough 
training also in chemistry and geology. His thesis for 
the degree of Doctor of Medicine was on a chemical 
topic, “Studies of the chemical composition and medic- 
inal action of the mineral waters of Russia.” 

He obtained his degree in 1825, and then decided to 
go to Stockholm to study chemistry in more detail with 
Berzelius. On December 9, 1825, the latter wrote to 
Wohler, “Osann, who is coming here from Dorpat, has 
sent me another student, Dr. Hess, a young man of 
much promise. He has a good head, seems to have a 
foundation of knowledge, much attentiveness, and a 
particular zeal’ (2). Hess’s stay in Stockholm was 
brief, however, for on January 13, 1826, Berzelius wrote, 
“Hess, who came here from Dorpat, has gone away 
again, compelled to return by domestic affairs. I was 
well pleased with him” (3). In spite of the shortness 
of his stay with Berzelius, Hess remained friendly with 
the great Swedish chemist throughout his life, and was 


' Presented before the Division of the History of Chemistry at 
the 119th Meeting of the American Chemical Society, Boston, 
April 3, 1951. 


HENRY M. LEICESTER 
College of Physicians and Surgeons, San Francisco, 
California 


Courtesy of the Edgar Fahs Smith Collection, University of Pennsylvania 
- Germain Henri Hess 


often mentioned in the letters Berzelius wrote to his 
various correspondents. 

The interests of Berzelius in mineral chemistry and 
chemical analysis were also those of Hess, and all his 
early work was done in these fields. In this he was fol- 
lowing in the path of most of the Russian chemists of 
his time, for, after the days of Lomonosov, theoretical 
studies had been practically abandoned in Russia, and 
almost all attention was centered on the discovery of 
new minerals. 

Following his return to Russia, Hess accompanied a 
geological expedition to the Urals, and then settled in 
Irkutsk, where he took up a medical practice. In addi- 
tion to the duties of his practice, which included studies 
on the prevention of eye disorders which were very 
common in the region, he found time to continue his 
geological and chemical studies. As a result of his 
descriptions and analyses of minerals and waters from 
various parts of Russia, he was elected an adjunct mem- 
ber of the Academy of Sciences of St. Petersburg in 
1828, and in 1830 he was chosen as an extraordinary 
Academician. Upon receiving this honor, he aban- 
doned his medical practice and settled in St, Petersburg, 
where he devoted the rest of his life to chemistry. 


)par- 
lent 
path 
sub- 
the 
vake 
of 
zine 
tact 
the 
und 
ility 
5 
i 
ced 
ub- 3 — f 

nall 
ical 
ent 
eri- 
the 
be 
1 in 
vids 
eed 
ivi- 
ead | 
tus 
iew 
tly 
hat 
ni¢ 
ow 
the 
are 
ent 
de 
the 
vax — 

581 


The following ten years were filled with activity. He 
signalized his membership in the Academy with a sum- 
mary of his work at Irkutsk, “On the common salt of 
the Irkutsk Government,” in which he showed that the 
sodium chloride from this area contained a high propor- 
tion of potassium, magnesium, and aluminum. He also 
undertook a study of the composition of the water of 
the Neva River which flows through St. Petersburg. 
He discovered a number of new minerals, and proved 
the composition of the oxide of cobalt Co;O,, a study 
which was later confirmed by Berzelius. His work on 
the natural resources of Russia led him to analyze 
natural gas from Baku, and various resins and waxes. 
He thus became interested in methods of organic analy- 
sis and in problems of organic chemistry. His main 
contribution in this field was his study of the oxidation 
of sugars by nitric acid, which led to his discovery of 
saccharic acid. 

When Hess came to St. Petersburg, the Technological 
Institute had just been organized, and he was appointed 
to a Commission to plan the course in practical and 
theoretical chemistry. He was appointed to the chair 
of chemistry in this school soon afterward. As new 
institutions of higher learning were organized, he began 
to teach in these also. In 1832 he joined the faculties 
of the Mining Institute and the Chief Pedagogical In- 
stitute, and in 1838 he added the course at the Artillery 
School to his other teaching duties. In the Chief 
Pedagogical Institute, which trained teachers for most 
of Russia, one of his students was A. A. Voskressenskii, 
who later became Professor of Chemistry in the same 
Institute, and in this capacity taught chemistry to 
Mendeleev. 

As a result of his teaching duties, Hess began to work 
on a textbook of chemistry soon after he reached St. 
Petersburg. This work, “Fundamentals of Pure Chem- 
istry,’’ was published in two volumes by the Academy 
of Sciences from 1831 to 1833. It did much to estab- 
lish a rational nomenclature for chemistry in the Rus- 
sian language. In 1834, Hess published a one-volume 
abridgement to serve as a more usable textbook, and 
this went through seven editions, the last of which 
appeared in 1849. It became the standard Russian 
text in chemistry until the appearance of Mendeleev’s 
two texts, “Organic Chemistry” in 1861, and “Funda- 
mentals of Chemistry” in 1868-70. 

In addition to his research and teaching duties, Hess 
also found time to serve on government commissions 
relating to the teaching of chemistry and the establish- 
ment of a water supply for St. Petersburg. In 1834 he 
was made an ordinary Academician of the Academy of 
Sciences. 

In 1838, Hess began the series of studies on which his 
fame chiefly rests. In a paper, ‘“The evolution of heat 
in multiple proportions” (4), he showed that the vari- 
ous hydrates of sulfuric acid could be detected by the 
heat evolved in their formation. In 1840 he published 
a full statement of his law, both in French in the Bulle- 
tin of the Academy of Sciences of St. Petersburg, and in 
German in Poggendorf’s Annalen der Chemie und 
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Physik (5). He showed that not only for the formation 
of hydrates of sulfuric acid, but also for the heat of for. 
mation of ammonium sulfate in water solution and the 
neutralization of hydrochloric acid by sodium and potas. 
sium hydroxides, the amount of heat developed wags 
always the same, regardless of whether the process went 
directly or proceeded through a number of intermediate 
steps. This “law of the constant summation of 
heat’’ obviously showed how to determine the heat of 
reactions which had not been measured directly, and it 
lies at the basis of all later work in thermochemistry, 
It is a remarkable fact that, although it clearly depends 
on the law of conservation of energy, this law had not 
been announced at the time Hess was making his 
studies, and was not actually stated until two years 
later, by Meyer in 1842. 

Hess fully appreciated the significance of his law, and 
did not hesitate to make practical applications of it. 
An excellent illustration is found in a letter he wrote to 
Arago in 1840 (6). At that time, the heating power of 
coal was estimated by determining the amount of oxy- 
gen required to burn it. The English chemist, Ure, 
observed that the more hydrogen a coal contained, the 
less heat it gave off, and so the oxygen method did not 
give an accurate measure of the heating power. Ure ex- 
plained this by assuming that the vapors formed in 
burning the coal absorbed heat. Hess pointed out the 
error of this assumption, and wrote: 


The sum of the heat corresponding to a certain amount of water 
and carbonic acid which we suppose arises from combustion, 
being constant, it is evident that if hydrogen is found previously 
combined with carbon, this combination cannot have occurred 
without evolution of heat; this amount, already eliminated, 
cannot be recovered in the quantity evolved by the defined com- 
bustion. There results in practice the simple rule: that a com- 
bustible compound always evolves less heat than do its elements taken 
separately.... Ihave the full conviction that we will have a pre- 
cise idea of chemical phenomena only when we succeed in indicat- 
ing in our formulas the ratios of heat relations as we indicate today 
the relative numbers of ponderable atoms; at least thermochem- 
istry promises to disclose the still secret laws of affinity. 


Continuing his studies, Hess was led in 1842 to his 
second major law, the “law of thermoneutrality.” 
This states that in exchange reactions of neutral salts 
in water solution, no heat effect is observed. Hess 
himself was unable to explain this fact in a satisfactory 
manner, and it was not until the announcement of the 
Arrhenius theory of electrolytic dissociation in 1887 
that the explanation became apparent. 

After this time, Hess became less active in research, 
and progressively fewer papers appeared from his pen. 
He served actively on committees of the Academy of 
Sciences, and helped other chemists to obtain recogni 
tion for their work. It was largely through his interest 
that Karl Klaus, a rather obscure chemist at the Uni- 
versity of Kazan, was able to gain recognition for the 
discovery of ruthenium. Hess and Fritsche, another 
Academician, were instrumental in securing for Klaus 
the Demidov prize, a major scientific award in Russia 
at that period. 

Hess continued his teaching activity, and besides his 
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work in the various institutions, he was entrusted with 
the training of the Czarevich Alexander in chemistry. 
In 1838, Berzelius wrote Wohler a description of a visit 
to his laboratory by the Czarevich, who was then tour- 
ing Sweden (7). Alexander told Berzelius that Hess 
had taught him chemistry from the Berzelius ‘‘Lehr- 
buch,” and Alexander was “fairly well versed in it.” 
In parting, the royal visitor gave Berzelius a valuable 
ring as a gift. Berzelius closed his letter with the re- 
mark, “I would gladly have such a visit every week.”’ 

By 1848 the health of Hess began to give way, and he 
resigned most of his teaching duties. He made an in- 
spection of the newly opened sugar factories in the 
south of Russia in that year, but this was almost his 
last public duty. He died on November 30, 1850, at 
the early age of 48. 

His work was not continued by any other Russian 
chemist, and, in fact, thermochemistry was generally 
neglected for another decade. Then began the elabo- 
rate series of investigations of heats of reaction by 
Berthelot in France and Thomsen in Denmark. The 
mass of data accumulated by these investigators con- 
firmed the truth of the Hess law again and again, but 
almost nothing was said of Hess himself, and chemists 
forgot the man whose work lay at the foundation of all 
the new material which was appearing. 

The work of Hess was once more brought to light by 
Wilhelm Ostwald, who had begun his own career at 


Riga and Dorpat, and had probably there heard of 
Hess. In his ‘Textbook of General Chemistry,’”’ pub- 
lished in 1887, Ostwald began the section on thermo- 
chemistry with a full account of the contributions of 
Hess in this field, and later he reprinted the most im- 
portant papers of Hess in his series Klassiker der exacten 
Wissenschaften (8). It is strange, however, that, unlike 
most of the volumes in this series, the volume on Hess 
does not contain any biographical material. Thus, 
while the contributions of Hess are now recognized, and 
his name is firmly attached to the law which he first 
announced, the details of his life have been difficult to 
obtain. 
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* A COMPACT HYDROGEN SULFIDE GENERATOR 


IN RECENT years many laboratories have been using a 
powdery mixture called “‘Aitch-Tu-Ess” which, when 
heated, evolves hydrogen sulfide in sufficient volume for 
the needs of a student. The usual arrangement of the 
apparatus for the purpose includes an iron laboratory 
stand with clamp, to hold a test tube in which the 
Aitch-Tu-Ess is placed. In addition, a wash bottle 
should be added, through which the evolved gas passes 
to the test solution. 

A student in one of the writer’s classes (Mr. V. 
Kocenko) devised for his own use the arrangement 
shown, which eliminates the stand and clamp. The 
operation of the generator is essentially the same as for 
the equipment usually employed. The test tube is 
heated, either holding the burner in the hand or placing 
it, with properly adjusted flame, on the table beside the 
flask. When heating is stopped the rubber policeman, 
P, is removed to prevent sucking water back into the 
tube during cooling. A widemouthed bottle may be 
used instead of the flask. 


H. B. GORDON 
Homestead, Florida 
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A COMMON MISUNDERSTANDING OF HESS’S LAW 


In a series of measurements having wide general 
significance, G. H. Hess in 1840 determined the amount 
of heat evolved when sulfuric acid is neutralized by 
solutions of alkalies. Since the addition of sulfuric 
acid to water releases heat even though no alkali is 
present, it proved to be of great interest to know how 
the heat of neutralization varied when the acid was 
first diluted with different amounts of water. The 
measurements were all made at essentially atmospheric 
pressure. The data led to Hess’s “law of constant heat 
summation.” 

The original statement is “Wenn eine Verbindung 
stattfindet, so ist die entwickelte Warmemenge con- 
stant, es mag die Verbindung direct oder indirect und 
zu wiederholten Malen geschehen.”” A familiar trans- 
lation is “The amount of heat evolved during the for- 
mation of a given compound is constant, independent 
of whether the compound is formed directly or indirectly 
in one or in a series of steps.” 

This statement preceded a recognition of the law of 
conservation of energy and may be regarded as one of 
the bases for that law. The work of J. R. Mayer and 
J. P. Joule on the conservation of energy came later. 

The following numbers taken from Hess’s papers are 
typical. 


Typical Data from Hess’s Study of the Neutralization of 
Sulfuric Acid by Ammonia 


Heat evolved on 
adding Total 
Water Ammonia heat 


595.8 
596.7 
597.2 
601.8 


597.9 


595.8 
518.9 
480.5 
446.2 


Average 


77. 
116.7 
155.6 


The fourth column in the table gives the heat evolved 
on diluting the sulfuric acid and the fifth column the 
heat evolved when the diluted acid was neutralized. 
The sum of the heat effects is nearly constant as shown 
in the last column. 

Hess’s papers on the subject have been reprinted as 
Number 9 of Ostwald’s Klassiker der Exakten Wissen- 
schaften.'_ A clear discussion of the work appears in 
Ostwald’s “Outlines of General Chemistry.”? 

In recent years there has grown up a tendency to 
quote Hess’s law out of context and to attribute to it, 
rather inaccurately, a more general meaning than was 


1 OstwaLp, W., Klassiker der exakten Wissenschaften, No. 9, 
Leipzig, 1890. 

2 OstwaLp, W., “Outlines of General Chemistry,” translated 
by J. Waker, The Macmillan Co., New York, 1890, p. 209. 


THOMAS W. DAVIS 
New York University, New York, New York 


originally intended. Applied to determinations carried 
out in the manner used by the original author, the lay 
is both correct and useful. According to the law, one 
can, for example, combine data on the heat of formation 
of carbon dioxide and on the heat of combustion of cay. 
bon monoxide to calculate the heat of formation of cap. 
bon monoxide from the elements. Direct measurement 
of this heat cannot be made with satisfactory accuracy, 
Such applications of the law are both correct and valy- 
able. 

New types of thermal measurement have been de 
veloped since Hess’s time and they require a more care 
ful statement and a more careful use of Hess’s law than 
seems apparent in several popular American textbooks, 
In particular, bomb calorimetry and the investigation 
of reversible reactions have extended the whole basis of 
thermochemistry. In one current book, we find the 
statement: “In any series of chemical or physical 
changes the total heat effect is independent of the path 
by which the system goes from its initial to its final 
state.” Were the word “energy” substituted for 
“heat,” the statement would be correct. As given itis 
wrong. In another book, we read: ‘The heat change | 
in a chemical reaction is the same whether it takes 
place in one or in several stages. This means that the 
net heat of reaction depends only on the initial and 
final states and not on the intermediate stages through 
which the system passes.””’ The use of the word “heat” 
makes the statement false. The net heat of reaction 
depends not only on the initial and final states of a 
system but also on the intermediate stages. 

Serious contradictions arise at once if one applies the 
versions of Hess’s law quoted above. These are typical 
of what one can read in a great many present-day books. 
There are exceptions, of course. The statement in 
Taylor and Glasstone’s ‘‘Treatise on Physical Chemis 
try” is correct? and so is the clear statement in Mac- 
dougall’s “Thermodynamics and Chemistry.”* Sup 
pose one tries to apply the familiar form of Hess’s law 
to the synthesis of water. 


2H2(g.) + O2(g.) = 2H20(g.) 


When carried out in an open vessel, the heat of reaction 
at 100°C. is 116,210 cal.‘ for every two mols of water 
formed, the starting materials and the product all 
being gases at 1 atm. pressure. The “law’’ tells us that 


Tayior, H. S., anp 8S. GrassTone, “Treatise on Physical 
Chemistry,” 3rd ed., D. Van Nostrand Co., Inc., New York, 
1942, Vol. 1. 

F. H., “Thermodynamics and Chemistry, 
John Wiley & Sons, Inc., New York, 1939. 

5 Taytor, H. S., anp H. A. Taytor, “Elementary Physical 
Chemistry,” D. Van Nostrand Co., Inc., New York, 1942, p. 72: 
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if we start with two’mols of hydrogen and one of oxy- 
gen, all at 100° and 1 atm. and end with twe mols of 
steam at 100° and 1 atm., a very definite amount of 
heat will be released. It is not so. 

We may prefer to effect the combination in any of 
many other ways. Two particular paths, in addition 
to the constant pressure combination, may be repre- 
sented diagrammatically as follows: 


reaction in 


Path A: 2 mols of He, 100°, 1 ge 


1 mol of O2, 100°, 1 atm. { }omb calorimeter. 


compression 
2 mols of steam, 100°, 2/3 atm. ——————> 
2 mols of steam, 100°, 1 atm. 


Path B: 2 mols of He, 100°, 1 atm.\ compression 


7 mols of He, 100°, 3/2 = 
1 mol of Oz, 100°, 3/2 atm. 


2 mols of steam, 100°, 1 atm. 


reaction in 


bomb calorimeter 


In neither of these cases will the amount of heat evolved 
add up to 116,210 cal. For the sake of simplicity, we 
assume that hydrogen and oxygen and steam are all 
ideal gases at 100°. The assumption of ideal gas be- 
havior means that the same amount of heat will be 
liberated in the bomb calorimeter reaction along path A 
as along path B, the internal energy of the gases being 
independent of the pressure. Let us designate this 
heat as Qv. The value of Qv may be derived in the 
following way. For the constant pressure reaction, 


q = SE + Pal, 


where q is the heat evolved, AE is the decrease in 
“internal energy’’ (“‘chemical energy’’), P is the pres- 
sure, and AV the volume decrease accompanying the 
reaction. In the bomb reaction no mechanical energy 
is received or contributed by the hydrogen-oxygen 
system, so that the heat of reaction will be AZ. 


AE = Qu = 116,210 — paV 
= 116,210 — 740 = 115,470 cal. 


In addition to Qv, the heat of compressing 2 mols of 
an ideal gas from 2/3 atm. to 1 atm. will be liberated 
along path A and the heat of compressing 3 mols of 
gas from 1 atm. to 3/2 atm. will be liberated along 
path B. The total heat evolved along the two paths 
then will be (ideally) 


2/3 

3/2 
1 


Path A: Qu +2RT In = 115,470 + 600 = 116,070 cal. 


Path B: Qv + 3 RT In = 115,470 + 900 = 116,370 cal. 


We may contrast these figures with the heat liberated 
in the constant pressure process, namely, 116,210 cal. 
Depending entirely on the path, therefore, one might 
observe any one of a great many values for the heat 
of formation of steam at 100°, the steam having the 
same final pressure as the hydrogen and oxygen initially. 

An even more impressive difference in the heat of 
formation of steam would be observed if the hydrogen 
and oxygen were allowed to combine at the electrodes 
of a reversible electrochemical cell. Some of the energy 


of the combination would appear as electrical energy 
and the heat of synthesis of the water would be con- 
siderably less than in the irreversible combination. 
Actually the heat of formation in the reversible process 
at 1 atm. pressure would be about 8600 cal., a figure 
quite different from the others given above. : 

It is apparent that the common form of Hess’s law 
applies to the type of experiment carried out by Hess. 
It is wrong to state the law without such qualification. 
While the language is not that of the original, one might 
preserve the accuracy of Hess’s law and indeed its spirit 
by stating that the internal energy change accompany- 
ing a chemical reaction is independent of the path and 
depends only on the initial and final states. 

It is usual to introduce Hess’s law in the freshman 
chemistry course and there arises the problem of pre- 
ser:ting the law in a form that is both simple and correct. 

Je can hardly do better than quote Taylor’s statement 
of Hess’s law as a solution to the problem (ref. 3). 
“The heat evolved in any chemical reaction at either 
constant pressure or constant volume is independent 
of the manner in which the reaction is achieved, 
whether in one or many steps.’ 

To the student who may inquire as to the reason for 
the restriction ‘at constant pressure or constant 
volume,” it may be pointed out that in chemical re- 
actions not only is “chemical energy” converted into 
heat’? but “mechanical energy” may be converted as 
well. Two terms, namely, AE and W together deter- 
mine q, not one alone. Only if the amount of mechani- 
cal work is made definite can the sum of the internal 
energy change plus the mechanical energy change, 
which together determine the heat evolution, be speci- 
fied. At constant volume or at constant pressure the 
total mechanical work converted to heat is definite, 
so the total heat effect will have a fixed magnitude. 
At constant volume, regardless of the steps, the total 
conversion of mechanical work into heat is zero while 
at constant pressure, regardless of the steps, the total 
conversion of mechanical work into heat is PAV. 
These statements apply provided there are no frictional 
or other constraints on the system which would lead 
to the degradation of mechanical, electrical, and similar 
forms of energy to heat. In the presence of such con- 
straints degradation to heat may occur with an accom- 
panying alteration in the total heat effect. 

If Hess’s law is to be discussed at all, it should be 
given in correct form. In the process of presenting the 
law it would seem appropriate to mention the fact that 
changes in mechanical and electrical energy may occur 
incidentally in chemical reactions. These changes 
superimposed on the changes in internal or chemical 
energy determine the heat effects. The latter changes 
are themselves, as a rule, not sufficient to determine 
the magnitude of the observed heat evolution. 


® Actually this statement stands in aeed of the further restric- 
tion that no other constraint is imposed on the system, as ex- 
plained below. 

7 Possibly into other kinds of energy depending on the experi- 
mental circumstances surrounding the reaction. 
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Tuere are several conservation requirements that 
must be met in nuclear reactions. The familiar Ein- 
stein relation EZ = Mc? is rightfully considered the 
Rosetta stone for all nuclear transformations. Never- 
theless the conservation of charge, angular momentum, 
i. €., spin, and linear momentum? are additional factors 
that should be considered. Most textbooks in chemis- 
try neglect the principle of conservation of linear mo- 
mentum. In overlooking this principle, textbooks fre- 
quently give false estimates of energy requirements for 
simple reactions. Friedlander and Kennedy’s text* is 
one of the few in which the principle of conservation of 
momentum is properly considered. 

Historically this principle was first applied to atomic 
and nuclear investigations by Rutherford‘ to derive his 
famous formula for the scattering of alpha particles. 
Since that time momentum considerations have figured 
in many nuclear reactions, particularly those studied in 
a Wilson Cloud Chamber.’ Bethe® cites the case in 
which the mass of -He’ is determined by measuring the 
kinetic energy and momentum of the nuclei in the reac- 
tion 

3L i’ + 1H? 2He* + 2He® 


To illustrate the application of momentum conserva- 
tion we may consider the simple case of a lithium target 
which is bombarded by alpha particles to give the reac- 
tion 

+ 3Li’ (;B") + on' + Q (1) 


The symbol Q stands for the sum of the kinetic energy 
of the products minus the sum of the kinetic energy of 
the reactants and represents the mass equivalent of the 
energy released (or absorbed) in the transformation. 
Using the values for the atomic masses for the sub- 
stances in equation (1) a value of Q = —2.87 m.e. v. 
may be obtained. 


1 Presented at the 117th Meeting of the American Chemical 
Society, Philadelphia, April, 1950. 

? For a discussion of the validity of Newton’s Third Law as 
applied to atomic and nuclear phenomena see Gersuoy, E., Am. J. 
Phys., 17, 477 (1949). 

3 FRIEDLANDER, G., AND J. W. Kennepy, “Introduction to 
Radiochemistry,” John Wiley & Sons, Inc., New York, 1949. 

4 Rouruerrorp, E., J. CHapwick, anp C. D. Exuis, “Radia- 
tions from Radioactive Substances,’’ Cambridge University Press, 
1930. 

5 For example, see Potiarp, E. C., Proc. Roy. Soc., 141, 375 
(1933). 

6 Berne, H. A., “Elementary Nuclear Theory,” John Wiley & 
Sons, Inc., New York, 1947. 


s ENERGY REQUIREMENTS FOR NUCLEAR 
TRANSFORMATIONS' 


— CARROL and PETER F. E. MARA. 
Newark Colleges of Rugters University, Newark, 
New Jersey 


The usual impression students get from this informa- 
tion is that if one were to bombard the lithium with 
alpha particles having a kinetic energy of 2.87 m. e. y, 
the transformation in equation (1) would be possible. 
Consideration of the principle of the conservation of 
linear momentum would prohibit this reaction. The 
kinetic energy of the alpha particle must be appreciably 
greater to permit equation (1) to proceed from left to 
right. The energy in excess of 2.87 m. e. v. may be 
calculated by writing equation (1) as 


on! 
Pm PMsim P 
sHe* —> (,;B") — (2) 
m M M+m 


5B” 


Here P,, is the linear momentum of the alpha parti- 
cle; the lithium nucleus is considered intially at rest. 
The symbols m and M represent the mass of the alpha 
and lithium nuclei, respectively. The momentum P, 
= mv where v is the velocity of the alpha particle. Both 
on’ and ;B” receive a push in the direction of P when 
they fly apart. The same is true of the compound 
nucleus (;B!). 

Let the kinetic energy of m and M + m be T,, and 
T wim respectively. Then’ 


or 
(3) 
Pyim is the momentum of the compound nucleus. 


However, because the lithium is initially at rest we have, 
as a result of the conservation of momentum, 


Pa = Pym =P 
Thus 
= 4 
Tn = 2+ +m) 
or 
P2 
Tn =O + 
where 
m 
M+m 
Hence 
Q + T mu 
or = Q (5) 


7 The absolute value of Q is used here. 
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for the nuclear reaction in question m = 4and M =7 
that 7, = 11/7Q. Since »< 1 equation (5) may be 
written as 

Th (6) 


for the special case where m < M it will be seen 
that 


(7) 


587 


Equation (7) appears to be the relation that is usually 
given regardless of the relative values of m and M. 

It will be seen then that in equation (1) the energy of 
the incident helium nucleus must be at least 11/7 times 
the value of Q if the reaction is to occur, barring other 
factors such as potential barrier effects, etc. 

Hence the calculated energy requirements for a nu- 
clear reaction may be incorrect if the principle of the 
conservation of momentum is neglected. 


Tue following demonstrations have been found of value 
in presenting to beginning students concepts of the 
atomistic nature of matter, the controlled experiment, 
and the solubility product. 

(1) The concept of the atomistic nature of matter 
can be demonstrated by (a) peeling an orange, sepa- 
rating the segments, seeds, etc., and observing the 
internal structure of particles within particles, (6) 
comparing the pouring of sand (with its visible particles 
rolling over one another) with the pouring of water 
(with invisible particles), and (c) comparing the de- 
crease in total volume resulting on admixture of equal 
volumes of absolute alcohol and colored water with a 
similar change in volume resulting from pouring sand 
into a container holding oranges. 

(2) The value of a control or blank experiment and 
the importance of introducing singly, as variations from 
the blank, only those factors under investigation can 
be illustrated by means of the Landolt (or iodine clock) 
reaction. A blank Landolt experiment is carried out at 
room temperature according to customary laboratory 
procedure for the reaction. Two subsequent runs are 
made at about 35°C. with (a) minor variations in ap- 
paratus (e.g., method of stirring, size of beaker) plus 
10 g. of anhydrous sodium sulfate and 3 ml. of oil of 
wintergreen added per liter of total solution, and (b) 
no variations from the blank other than temperature. 
Experiment (b) illustrates the regular positive tem- 
perature coefficient of rate of reaction.! The former ex- 


‘Convenient reaction times (about 20, 38, and 17 seconds for 
three runs, respectively) are obtainable from mixing equal 
Volumes of the following two stock solutions: (a) 25 ml. of 5 N 
wulfuric acid, 25 ml. of 1 per cent (by weight) soluble starch 
solution, and 400 mg. of c.p. potassium iodate per liter of solu- 
ns i and (b) 620 mg. of c.p. anhydrous sodium sulfite per liter of 
ion. 


SOME LECTURE DEMONSTRATIONS IN GENERAL CHEMISTRY 


L. H. KLEMM 
Indiana University, Bloomington, Indiana 


periment, however, exhibits a lower velocity than for 
the blank due to an overwhelming retardation of the 
reaction by the sodium sulfate, which not only decreases 
the rate of the Landolt reaction at constant tempera- 
ture? but also produces a negative temperature coef- 
ficient. The oil of wintergreen and changes in appara- 
tus serve only as extra variables and appear to have no 
effect on the rate of reaction. By performing the multi- 
variable experiment immediately after the blank, one 
can provoke some student discussion on the validity 
of the result as a measure of the effect of increased 
temperature on the rate of reaction. 

(3) That the concentration of bromide ion enters the 
solubility product expression for lead bromide to a 
higher power than the concentration of lead ion does 
can also be effectively illustrated by means of a lecture 
demonstration. A saturated solution of lead bromide 
is prepared by mixing 250 ml. of 1 M lead nitrate with 
500 ml. of 1 M sodium bromide and removing the pre- 
cipitate by suction filtration. Treatment of one-half 
of the filtrate with 100 ml. more of the lead nitrate solu- 
tion produces almost no additional precipitate, whereas 
addition of 100 ml. more of the sodium bromide solu- 
tion to the other half of the filtrate gives extensive 
additional precipitation within a matter of seconds. 
This result proves rather surprising to students who 
are encountering chemical equilibria for the first time, 
inasmuch as they almost invariably predict that the 
greater amount of precipitate should form from the 
added lead nitrate solution due to the smaller volume of 
this solution required in the original stoichiometric 
mixture. 


2 Unpublished results from the Chemical Laboratories of 
Indiana University. 
3 SxraBaL, A., Z. Elektrochem., 21, 461-3 (1915). 
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© WHAT THE CHEMISTRY TEACHER SHOULD 
KNOW ABOUT PATENTS 


Iw proportion to the nearly universal need, the future 
chemists and chemical engineers are taught less of pat- 
ent law probably than of any other subject. Those 
who are to succeed in their chosen profession and actu- 
ally push back the frontiers of knowledge may reason- 
ably expect to make inventions. They have a right to 
some education in advance with respect to patents, from 
teachers having a speaking acquaintance at least with 
the subject. 

For this-reason, the teacher should know some patent 
law and, first of all, what types of discoveries are pat- 
entable. 


PATENT HISTORY 


As early as the third century B.c. the importance of 
incentives for even simple inventions was recognized. 
In Sybaris, one of the towns of Southern Italy, a con- 
fectioner or cook who “invented any peculiar and ex- 
cellent dish” received the right to make the dish ex- 
clusively for a year, as an inducement to others “‘to labor 
in excelling in such pursuits”’ (1). 

From such a rational beginning, the patent system 
degenerated into abuse in barbarian lands. For cen- 
turies, British monarchs, for example, issued patents on 
almost any right they wished to bestow. Henry II, 
after 1100 a.p., granted to a picturesque Irish outlaw a 
patent on the right to raise a volunteer army in Britain 
to fight in Ireland (2). Queen Elizabeth issued to 
crown favorites patents on such old products as wheat 
starch and playing cards (3). 

Such abuses disappeared largely with enactment of 
the Statute of Monopolies in 1623. This in effect 
limited the granting of patents to inventions or new 
manufacture within the realm. 

The United States and also most foreign countries 
now require both newness and invention. 

The United States Constitution (4) gives to Congress 
the power “to promote the progress of science and the 
useful arts by securing for limited times to authors and 
inventors the exclusive rights to their respective writings 
and discoveries.” The period of time set by Congress 
for inventors is 17 years from the date of issuance of 
the patent. The purpose is encouragement of inven- 
tion. 


REQUIREMENTS FOR PATENTABILITY 


A principal feature of our present patent laws is the 
limitation of subject matter to be patented to the fol- 
lowing classes: 


ROBERT CALVERT 
New York, New York 
Patentable classes Examples 

Composition of matter Water-soluble vitamin A composition 

Method Making nylon or scrambling radio 
signals 

Machine Crystallizing machine or corn har. 
vester 

Article of manufacture Asbestos shingle or cigarette lighter 


Ornamental design Pattern of table silverware 
Plant produced asexually Sport variety of apple tree 

All other classes of subjects are unpatentable. Such 
excluded subjects are systems of doing business, seeds, 
plants produced sexually, as by cross pollination, 
treatment of the human body, new use of an old com- 
position without any modification except as a method, 
production of fissionable material and use of it or of 
atomic energy in a military weapon, abstract principles 
of nature, and mathematical formulas. 

The additional requirements are as follows: 

(1) Utility for a purpose neither immoral nor inju- 
rious to the health or good of society. Utility ordinar- 
ily is easily proved. A new chemical compound will be 
understood to have utility as an intermediate in the 
manufacture of another compound at least. A toy has 
utility. So does a cosmetic, in the sight of the law. 
The green fluorescence of a lubricating oil of a large 
manufacturer, on the other hand, was questioned. Was 
it useful? The fluorescence was visible to the buyer as 
identification but served no function during use of the 
oil. However, utility was finally held to be present. 
A method of manufacturing a useful article or composi- 
tion has utility. 

(2) Novelty or newness over all that was previously 
known. 

(3) Technical requirements as to dates. To be patent- 
able, to an applicant, the invention must not have been: 

(a) known or used by another before the date of in- 
vention by the applicant. 

(b) published in the United States or abroad or in 
public use in the United States for more than twelve 
months before the date of filing of the United States 
application for patent. 

(c) patented in a foreign country on an application 
filed more than twelve months (six months in cases of 
designs) in advance of the United States filing date. 

(4) Invention. Mixing sugar with a material to 
sweeten it is not invention; the result is obvious. Pro 
tecting a material against oxidation by admixing sugar, 
on the other hand, is invention if such protection was 
previously unknown and particularly if the result 18 
contrary to what was to have been expected. _Preserip- 
tions, recipes, and those other compositions in which 
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each ingredient serves only its usual function are not 
inventions. To be invention a discovery requires the 
exercise of ingenuity above the reasonable skill of the 
worker in that art. 


TESTS FOR INVENTION 


Invention defies accurate definition. After thou- 
sands of decisions on invention, it remains still as myste- 
rious as that ever-elusive luminous body rising through 
the fog above the moor, the tantalizing will-o’-the-wisp 
that many claim to have seen but no one has either 
apprehended or comprehended. 

Invention is in reality a discovery that is unobvious to 
the expert in the art. 

Perhaps the greatest of all inventions is the scientific 
method. Within the walls of the research laboratory, 
the individual rises to heights of creativeness heretofore 
unapproached (5). As a result, the requirement “un- 
obvious ‘@ the expert in the art” is continually rising, 
hand in hand, with the increasing skill available for 
making inventions. 

As tests for invention, the inventor should ask himself 
the following: 

Does the discovery produce a result unobvious to the 
mythical “expert in the art” knowing all that has gone 
before but possessed of only usual reasonable experi- 
mental skill? For invention, the answer must be 
“Yes.” 

In case of doubt as to the above, would this expert 
have been expected to try what the inventor has done 
and, having tried it, to have found the same result? 
The answer must be “No.” 

Has there been long delay in meeting a public need 
after the necessary materials became available? Has 
there been commercial success where others have 
failed? Affirmative answers to these two questions 
are indications but not proof of invention. They 
cannot swing the balance to the side of invention when 
invention, for other reasons, is considered clearly ab- 
sent (6). 

Improvements. Nearly all patentable discoveries are 
improvements on something previously known. Ex- 
amples are the argon filled light bulb over the previous 
vacuum bulb of Edison, one variety of rayon over an- 
other, plasticized lacquer films over unplasticized, eth- 
oxyethyl esters over the corresponding ethyl esters, and 
television over radio, although TV uses many of the 
tadio techniques and patents. To be patentable, the 
improvement must show an unexpected advantage. 

_ New Use. Consider the case of a recently discovered 
Insecticide, AB, of epoch-making importance. The 
compound in crystal form was old. To claim “An in- 
secticide consisting of the compound AB” is not permis- 
sible as the law has been recently interpreted (7). For 
patentability of the new use, it was necessary to add af- 
ter “compound AB” the following: “in the form of a 
powder and a diluent therefor” (8). The compound 
had not been previously powdered or mixed with a dilu- 
ent and the inventor’s contribution was so outstanding 


that only slight modification of the old composition was 
required to make the use as insecticide patentable. 

A new use frequently is patentable as a method. Thus 
the use of the compound AB in any form might have been 
claimed as follows: “The method of killing insects 
which comprises contacting them with the compound 
AB.” 

Substitution of Materials. As to substitution of ma- 
terials, the incandescent light cases provide a series of 
decisions to the effect that substitution of materials may 
constitute invention. Each of the following changes in 
turn were held to be invention: platinum for carbon 
filaments in the light bulb, pressed tungsten wire for 
platinum, and wrought tungsten for pressed tungsten. 
The changes gave an added function such as longer 
life, lower cost per candle power, and increased bril- 
liancy. 

Likewise, in make and break contacts for automobile 
ignition systems, change of material to tungsten was 
held patentable; tungsten contact points, in oxidizing, 
give a coating that shakes off during use of the automo- 
bile so as to expose a fresh surface continuously. 

Would it be invention to substitute steel by stainless 


-steel and find only decreased corrosion, low melting par- 


affin by a higher melting paraffin and find only that the 
resulting composition has a higher softening point, or 
cotton fibers by asbestos and find only decreased flam- 
mability? The answer, of course, is “No.” 

Omitting or Adding an Ingredient. Subtracting or 
adding to a composition or other class of subject is fre- 
quently invention. 

Assume that removing carbohydrate from a hormone 
is found to be necessary before the hormone is dissolved 
in a solvent and emulsifier. A patent cited by the 
Patent Office against the application for patent on such 
a method teaches, let us say, the necessity of adding 
carbohydrate before solution in the same solvent with a 
somewhat different emulsifier. The discovery here of 
the benefit from removing the carbohydrate is contrary 
to the teaching of the art. It is invention. 

Adding an ingredient also is invention when the re- 
sult produced is not obvious. Adding oat extract to 
ice cream is not invention if the addition gives only an 
oat flavor. But the oat extract also prevents develop- 
ment of rancidity in the fat present. Such a beneficial 
property was not to have been expected and its discov- 
ery when made was invention. 

Proportions. Proportions of materials used provide 
a basis for patentability when the proportions are criti- 
cal. This is true particularly when the difference from 
previously used proportions is large and a different func- 
tion is served by the new proportions. 

In concentrating minerals by flotation, change in the 
proportion of frothing oil from the 4 per cent of oil pre- 
viously used to “‘a fraction of one per cent” came before 
the Supreme Court. The use of the smaller proportion 
of oil was more economical. Also it caused the minerals 


to float instead of sink as in the earlier process. The 
Court held the patent valid (9). 


Untried Inventions. These are patentable. One who 
speculates only, however, may miss the most important 
point of novelty that experiment would reveal. 


PATENT POLICIES 


When a large investment is to be based on a discovery 
of doubtful patentability, it is good policy to file the ap- 
plication while continuing experiments to find some un- 
expected result, even in a secondary feature. If the 
product is a fireproof blanket, for example, and the 
fireproofness was to have been expected, mildew resist- 
ance, although of relatively minor importance, may be 
the unexpected result giving patentability. On the 
other hand, if a product has excellent patentability but 
poor prospects for use, it should not be patented unless 
funds are plentiful. 

Publication for a year before filing an application is a 
bar to patenting in the United States. Publication for 
a single day is a bar in many foreign lands. Policy as to 
filing both domestic and foreign applications should be 
determined, therefore, before publication. 

The proposed publication is best submitted to the pat- 
ent attorney before it is released. He will note espe- 
cially whether the chemist has made the development. 
seem so logical as to destroy the lack of obviousness nec- 
essary for patentability. To have stumbled onto some- 
thing by accident or found an unexpected result may be 


the last act that the chemist would like to admit. Yet 
this is an excellent route to patentable invention. 
Consider the case of Charles Goodyear. The proper 


manner of describing the circumstances of his discovery 
of rubber vulcanization would have been about as fol- 


JOURNAL OF CHEMICAL EDUCATIQy 


lows: “I had been trying unsuccessfully for many weeks 
to obtain a hard rubber by exposing to sunlight a mix. 
ture of rubber with sulfur (10). Only slight hardening 
occurred. By accident I dropped a sheet of the rubbe 
and sulfur mix on a hot stove. To my surprise, the 
sheet was cured.” 


CONCLUSION 


Invention did not stop with Charles Goodyear. | 
is proceeding at an increasing rate. Knowledge of the 
law of inventions is more vital for technical workers now 
than ever before. 

The leaders in education as well as industry should 
impart to young men that patent consciousness which js 
so conspicuously lacking in most new graduates, 
These leaders, knowing the fundamentals here stated, 
should also be able to create a desire to learn more of 
this interesting and important subject. 
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* 
DIAMONDS 


Aw orricat instrument, invented by Bruce Eytingé and 
developed by the Manhattan Research Laboratories of 
New York, can, in a matter of seconds, photographically 
record the light that is reflected from the back or pa- 
vilion facets of a diamond. A spot pattern results, 
characteristic for each stone tested. 

The instrument (see Figure 1) consists of a metal 
cylinder at the base of which is a fixed light source in the 
form of a six-volt lamp. Parallel light is projected by a 
simple lens system to the diamond which is centered and 


A NEW METHOD FOR FINGERPRINTING 


A. E. ALEXANDER 


Tiffany & Co., Fifth Avenue and 57th Street, 
New York, New York 


placed, table facet down, on an optical glass flat. A 
short distance below the glass plate is a holder on which 
is placed a sheet of photographic film. Ordinary com- 
mercial film of the kind used for back-reflection X-ray 
work can be employed, since this type already has & 
circular hole in the center. 

Each pavilion facet reflects the projected light at 4 
fixed angle, which in turn is impinged on the film. ¥ 
developing the film, a number of spots, more or less I 
regularly distributed, result. Since the facets of no two 
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diamonds of the same weight and cut are ever fashioned 
absolutely (mathematically) alike, no two fingerprints 
of identical pattern are possible. If the stone is a dif- 
ferent one, or if the original gem has for some reason 
been recut or relapped, a wholly different reflection spot 
pattern will be obtained. 

Should the same stone be photographed at some later 
date, it is only necessary to superimpose one negative 
over the other to obtain a “‘mesh” or coincidence of spots. 
A ground-glass viewer of the kind used to examine 
X-ray radiographs is a valuable aid in examining finger- 
print negatives. 

An exposure of four seconds is all that is required to 
obtain a spot pattern. The instrument will handle 
faceted stones other than diamond. Its most important 
use, however, is in the positive identification of dia- 
monds. 

Diamonds of different cut, such as the brilliant, em- 
erald, and the marquise, give very distinctive finger- 
prints, as illustrated by Figure 2. These spot patterns 
are useful in disclosing whether or not a diamond is 
properly proportioned. 

Double refraction in a gemstone can be photograph- 
ically recorded with rather spectacular results. Figure 
3 illustrates the marked double refraction of Zircon. 
To obtain this type of photo a different technique must 
be employed. In this case, the stone is placed table 
facet up on a small metal cylinder which can be adjusted 


Figure 1. The Eytinge Diamond Fingerprinter with a Schematic 
Diagram 


to support the gem at the girdle edge. (An old photo- 
graphic diaphragm is very well suited for use as a stone 
holder.) The cylinder must be carefully centered on 
the optical glass flat, over the opening through which 
the light beam is projected; otherwise distortion of the 
double refractive effect may occur. To achieve the 
maximum double refraction, such as is produced by 
Zircon, it is necessary that the culet facet of the gem be 
parallel to the table facet. The film in this instance is 
Placed above the table facet at a distance of one or 


Figure 2. Diamond Fingerprints 


Upper left: brilliant cut. Lower left: marquise cut. Upper right: 
emerald cut. Lower right: properly proportioned brilliant. 
several inches. A few seconds’ exposure suffices to 
register the amount of double refraction. A doubly 
refractive stone should be examined optically, or its 
indices of refraction carefully measured on a refractom- 
eter using sodium light, to insure the obtaining of the 
gemstone’s maximum double refractivity. The table 
facet of some doubly refractive gemstones may prove to 
be cut normal to an optic axis, in which case no double 
refraction in this direction is possible. 


Figure 3. Double Refraction R: ded from a Brilliant-cut Zircon 
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* THE DETECTION OF NITRITE AND SULFAMAT; 
IONS IN QUALITATIVE ANALYSIS 


Tue most commonly described tests for the nitrite ion 
are: (a) the formation of the brown ring on addition of 
ferrous ion and concentrated sulfuric acid to a nitrite 
solution; (b) the formation of a starch-iodine blue color 
when iodide ion is added to acidified nitrite solution; 
and (c) the evolution of nitrogen when urea is added to 
an acidified nitrite solution. The test (a) is neither 
specific, sensitive, nor very well adapted to student 
semimicro use. Test (b) is very nonspecific since any 
weak oxidizing agent wil] give the color reaction de- 
scribed. Test (c) resembles in principle the sulfamic 
acid-nitrite reaction as the following equations show. 


NH;SO;H + NO.~ HSO,- + N: + H:0 (1) 
2H*+ + NH:CONH, + 2NO,.~ — + 2Nz + CO, (2) 


The reaction represented by (2) is less sensitive to the 
presence of nitrite and preacidification of the solution is 
necessary, meaning that an unwanted anion must be 
added to the solution. A secondary test is suggested by 
the formation of the acid sulfate ion in equation (1). 
On adding barium chloride reagent to the reaction mix- 
ture white barium sulfate is formed if nitrite is present. 
The insolubility of barium sulfate in hydrochloric acid 
differentiates this precipitate from barium carbonate 
which would form if the carbonate anion were present. 


EXPERIMENTAL 


Sensitivity of the Sulfamic Acid Test for Nitrites. A 
positive but very weak test (effervescence) for the 
nitrite ion is obtained when three drops of a 1 M solution 
of sulfamic acid (or several small crystals) are added to 
1 ml. of test nitrite solution containing 0.01 mg. of 
NaNO, (10 ug.). The test both with regard to effer- 
vescence and formation of barium sulfate is unmistak- 
able at a concentration of 0.07 mg./ml. (70 ug.). At 
comparable concentrations of sodium carbonate and of 
sodium sulfite (about 0.001 M) no effervescence is 
noted. The interference of carbonate and sulfite ions is 
further discussed below. 

Tests for Interfering Ions. A number of anions were 
studied in order to determine which would interfere 
with the nitrite test using sulfamic acid. The following 
have been noted as not constituting any interference 
when present in reasonable concentrations: C,H;02-, 
C,0,-—, SCN-, CN-, SiF,—-, Fe(CN).——-, Fe(CN) 
I,(aq.), and Bre, (aq.). ; 

Anions which in an acid solution are better oxidizing 
agents than nitrous acid are not listed above since a re- 
action would occur in conjunction with the sulfamic 
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acid-nitrite reaction. A number of oxidizing agent 
were tested for their reaction with sulfamic acid. Nj 
reaction was noted at ordinary temperatures for th 
following: CrO,—-, Mn0,-, BrO;~, IO;-, 10,-, and 
BiO;~. 

Anions which do react with sulfamic acid, giving » 
effervescence, or which might conceivably be co 
sidered as interfering with the nitrite ion, are: OCI 
The last mentioned 
interferes the most seriously. 

The Hypochlorite Ion, OCI-. A relatively slow rex- 
tion occurs between hypochlorous acid at high conce- 
trations and sulfamic acid. The rate of reaction is 
much more rapid at elevated temperatures. In prac- 
tice the reaction between hypochlorous acid and the 
nitrite ion to form nitrate ion would take place mor 
rapidly than the reaction between sulfamic acid and 
hypochlorous acid. The relative rates of the three reac 
tions mentioned may be represented as: (NOQ,- + 
HSO;NH:2) > (NO.- + HCIO) > (NH,SO;H + HCi0). 
The rapid and vigorous reaction between nitrites and 
sulfamic acid cannot be mistaken in the cold for the 
slow hypochlorous acid sulfamic acid reaction. 

The Hydroxide Ion, OH-. A highly basic solution 
will prevent the reaction between nitrite ions and stl 
famic acid for the obvious reason that the sulfamic acid 
will preferentially be converted to a salt. The proton 
must be present to initiate reaction (1). A solution 
basic to bromcresol green or phenolphthalein containing 
sodium sulfamate and sodium nitrite gives a slow but 
definite reaction when acidified to about 1 M with acetic 
acid. 

The Sulfide Ion, S--. In view of the fact that hydro 
gen sulfide may be evolved on the acidification of a cot- 
centrated sulfide solution, this ion must be considered a8 
an interference. Its detection and removal by precip 
tation are no problem. The nitrite ion in an acid 
solution readily oxidizes sulfide ion to sulfur; however, 
not before the nitrite ion would react with sulfamic acid 
if the latter were added as a test reagent. 

The Sulfite, SO;--, and Thiosulfate, S,Os~~, lon 
Both of these ions will decompose in an acid solutiot. 
The effervescence is slight and would not be mistaken 
for that due to the nitrite ion. More serious is the reat 
tion between the sulfite ion (or sulfur dioxide) and the 
nitrite ion in an acid solution (see equation (3)). 


2 HNO, + SO, — SO,-- + 2H+ + 2NO (3) 


Whether or not the sulfite ion will completely mask the 
nitrite test will depend on the rapidity with which the 
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sulfamic acid test is made and the relative amounts of 
sulfite and nitrite ions. Unless the nitrite ion is present 
in nothing more than a trace, it is doubtful that either 
the sulfite or thiosulfate ions would constitute a serious 
interference. 

The Carbonate Ion, CO;-~. The carbonate ion inter- 
feres seriously with the nitrite test. If a positive lime- 
water test is noted on the gases evolved when sulfamic 
acid is added to an unknown solution, a carbonate ion 
concentration of at least 10 mg./ml. is indicated. Since 
the nitrite ion is detectable down to a concentration of 
0.07 mg./ml., it is possible to dilute a few drops of un- 
known solution to a point where effervescence is still 
noticeable without giving a positive limewater test. If 
sulfate-free sulfamic acid crystals (or solution) are used 
in the test, a few drops of 0.1 M BaCl are added to the 
unknown solution to act as a supplementary test for 
nitrite. The appearance of white barium sulfate, in- 
soluble in HCI, in conjunction with a positive limewater 
test on the evolved gas, indicates the presence of both 
the nitrite and carbonate ions. One operation is needed 
then, to test for both ions. Since an unknown solution 
might well contain the suliate ion, it would be desirable 
to make the nitrite test on the filtrate after the removal 
of anions forming insoluble salts with a heavy metal and 
the barium ion. 

Test for the Sulfamate Ion by the Nitrite Ion. In most 
anion analysis schemes used at the present time, the 
sulfamate ion would be included in a soluble group since 
all normal salts of sulfamic acid are soluble. The only 
ions which would interfere with the sulfamate ion (or 
sulfamic acid) test using nitrite ion as a test reagent 
would be those ions which react very rapidly with 
nitrites to give an effervescence. The proton decom- 
poses nitrites rapidly. Since the solution must be at a 
pH of 2-3 for the nitrite-sulfamic acid reaction to take 
place, the original unknown is acidified with 4 M acetic 
acid. Any effervescence occurring on this acidification 
isallowed to go to completion. Carbonates and sulfites 
are destroyed under these conditions. Two drops of 
0.1 M NaNO, reagent solution added to the acetic acid 
solution give an effervescence if the sulfamate ion is 
present. The rate at which nitrites are decomposed by 
an acetic acid solution is too slow to constitute an inter- 
ference by nitrite reagent. The minimum concentra- 
tion of sulfamic acid detectable is about 1.6 mg./ml. 

Detection of the Nitrite Ion Using Sulfamic Acid. 
Three drops of the original unknown solution are diluted 
to about 3 ml. (approximately. 50 to 1). Three drops 
of this diluted solution are treated with several small 


crystals or a drop of 1 M sulfamic acid solution. An 
evolution of an odorless gas strongly indicates the pres- 
ence of the nitrite ion. Add two drops of 0.1 M barium 
chloride reagent solution to the solution after. efferves- 
cence has stopped. The appearance of a white precipi- 
tate of barium sulfate, insoluble in dilute hydrochloric 
acid, further indicates the presence of the nitrite ion. 
The reactions are represented as: 


HSO,- + BaSO, + Ht 


The supplementary barium sulfate test on the original 
unknown solution is obviated if the original unknown 
contains the sulfate ion. The dilution of the original 
solution (50 to 1) permits the detection of nitrite at a 
concentration of 10 mg./ml. in the presence of 100 mg./ 
ml. of carbonate. If the original solution is saturated 
or nearly saturated with carbonate (e. g., sodium car- 
bonate) effervescence will be noted which will mask the 
nitrite test. The carbonate ion is readily detected by 
adding sulfamic acid reagent solution or crystals to the 
undiluted unknown and testing the evolved gas for car- 
bon dioxide. If a positive test is obtained for carbonate, 
barium ion is added to precipitate barium carbonate and 
the nitrite is tested for on the filtrate as described above 
without the dilution step. 

Detection of the Sulfamate Ion by the Nitrite Ion. 
Three drops of unknown solution are treated with bar- 
ium ion and a heavy metal ion (e. g., cadmium) to re- 
move possible interfering ions such as carbonate, sulfide, 
and sulfite. A drop of phenolphthalein or bromcresol 
green indicator is added to the filtrate, now free of inter- 
fering ions, followed by the addition of two drops of 
0.01 M sodium nitrite test solution. Dilute (4 M) 
acetic acid is added in a three-drop excess beyond the 
assumption of the acid color of the indicator. A rapid 
effervescence of nitrogen indicates the presence of the 
sulfamate ion. Since excess barium ion may be as- 
sumed as being present from the previously mentioned 
removal of insoluble barium salts, a white precipitate of 
barium sulfate should form if the sulfamate ion is 
present. 

An alternate procedure is to add 4 M acetic acid drop- 
wise to three drops of the original unknown solution 
prior to the addition of the sodium nitrite solution. 
Any effervescence is allowed to continue to completion. 
The interfering carbonate, sulfite, and sulfide ions are 
eliminated. The sodium nitrite test solution is then 
added. Effervescence at this point is attributed to the 
reaction between sulfamic acid and nitrite ion. 


593 
ATI 


THOMAS GRAHAM’S STUDY OF THE 


DIFFUSION OF GASES 


Granam published his first paper on gases in 1826 
(10, 19) and in 1829 the first on the diffusion of gases 
appeared (15). Since 1826 he had been teaching chem- 
istry in a very meagerly equipped private laboratory in 
Glasgow. In 1829 he became the lecturer on chemistry 
in the Mechanics Institute. In 1830 he was named 
professor of chemistry in Anderson’s College. Though 
there was no endowment attached to this position and 
the laboratory was furnished with very little apparatus, 
it was here that he carried on the experiments on the 
diffusion of gases that established “Graham’s law’ 
and it was here also that he worked on the constitution 
of the phosphoric acids and their salts that led to the 
concept of polybasic acids (14). 

Thomas Graham, son of a Glasgow merchant and 
manufacturer, was born December 20, 1805. He was 
sent to an English preparatory school in 1811; in 1814 
he transferred to the high school, entering the Univer- 
sity of Glasgow in 1819, before reaching the age of 14. 
Here the excellent teaching of Thomas Thomson (17), 
professor of chemistry, and Meikleham, professor of 
natural philosophy, aroused his interest in scientific 
work, especially molecular physics. Despite the desire 
of his father that he enter the ministry, Graham decided 
to devote his life to the pursuit of science. After receiv- 
ing an M.A. degree in 1824 he went to Edinburgh where 
he spent the next two years under Hope (16), the dis- 
coverer of strontium. He then returned to Glasgow 
where he taught chemistry in his own laboratory. In 
1829 he was appointed lecturer on chemistry at the 
Mechanics Institute and the next year he attained a 
professorship of chemistry at Anderson’s College. In 
1837 he became professor of chemistry at University 
College in London and he held this position until his 
appointment as master of the mint in 1855. Here he 
remained until his death at his home in Gordon Square, 
London, on September 11, 1869. 

Prior to the publication of Graham’s first paper on the 
diffusion of gases, the experimental information known 
amounted to little more than the well-established fact 
that gases of different kinds, when brought into contact, 
do not arrange themselves according to their density, 
the heaviest undermost and the lightest uppermost, 
but they spontaneously diffuse, mutually and equally, 
through each other, and so remain in an intimate state 
of mixture for any length of time (/). The earliest 
observations on this subject were those of Priestley who 
had noticed that when gas was transmitted through 
stoneware tubes surrounded by burning fuel, the gas 
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escaped outward into the fire, while at the same time 
the vapors evolving from the fire penetrated into the 
tube, although the gas within the tube was in a com- 
pressed state. Dalton next discovered that any two 
gases, when brought into direct contact, tended to 
flow through each other, even in opposition to their 
weight. Dalton thus concluded that particles of dif- 
ferent gases offered very little resistance to each other. 
Débereiner (18) had accidently observed that as hydro- 
gen escaped from a cracked glass jar the water from the 
pneumatic trough rose into the jar. He incorrectly 
ascribed this phenomenon, however, to capillary action, 
and supposed that hydrogen only was attracted by the 
fissures, and escaped through them because of the ex- 
treme smallness of its atoms (9). 

As can be seen from the above information, Graham 
had very little worth-while background material upon 
which to lay the foundation of his work. The appa- 
ratus with which he began his experiments was of the 
utmost simplicity. 

A cylindrical vessel, shaped like a test tube, about 9 inches in 
length and 0.9 inch internal diameter, was divided into 150 
equal parts, and provided with an accurately ground glass stop- 
per, through which was fitted, also by grinding, a short piece of 


stout tube, 0.12 inch in bore and 2 inches in length, and bent in the 
middle at right angles. 


Although the stoppers fitted precisely, the joinings were 
sealed as an additional precaution. 

Graham’s first experiment was the diffusion of dif- 
ferent gases into atmospheric air. The vessel described 
above was filled in succession with various pure gases 
and supported in a horizontal position upon a frame 
within a box, with the end of the bent tube pointing 
upward when the contained gas was heavier than alt, 
and downward when the gas was lighter, to avoid any 
tendency of the gas to flow out of the receiver. After 
the gas had been allowed to diffuse into the air for 4 
certain length of time the receiver was transferred to 
the pneumatic trough, and the quantity of air that had 
entered and the gas that remained determined. Two 
or three and sometimes more experiments were made 
on each gas, until the results were found to be regular, 
or to vary within moderate limits. The seven gaseé 
tested were hydrogen, methane, ammonia, ethylene, 
carbon dioxide, sulfur dioxide, and chlorine. As a 
example of the data tabulated from this experiment it 
was found that as much hydrogen left the container 
two hours as did carbon dioxide in ten hours. It was 
thus concluded that carbon dioxide was only one-fifth 
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as diffusive as hydrogen. It became evident that the 
diffusiveness of the gases must be inversely propor- 
tional to some function of their density—apparently 
the square root of their density. 

Graham was next anxious to learn if, with a mixture 
of two gases, each gas would leave the vessel inde- 
pendently of the other or in the proportion of its in- 
dividual diffusiveness. Not until he had done 40 ex- 
periments did he announce the results of this research. 
He found that the more diffusive gas left the vessel in a 
greater proportion than in the case of the solitary dif- 
fusion of the same gas, and the less diffusive gas in the 
mixture in a less proportion than in its solitary diffu- 
sion. 

Graham now began to wonder about the diffusion of 
gases into gases other than air. To conduct this ex- 
periment he devised the following apparatus (2): 


... 8 phial of 5.2 cubic inches, provided with a perforated cork, 
was filled with a mixture of ethylene and hydrogen in equal pro- 
portions. The phial was then inverted, a glass tube was thrust 
through the cork and likewise quickly inserted into the perforated 
cork of another bottle of 37 cubic inches, containing carbonic acid 
gas. The whole was then sunk in water until. the surface of the 
water rose above the joinings. After ten hours the upper phial 
was removed and its contents washed with lime water. There 
remained a mixture of 12 parts, by volume, of ethylene and 3.1 
parts of hydrogen. 


Graham therefore decided that hydrogen must be just 
a little less than four times more diffusive than ethyl- 
ene. If this relationship is calculated by the method 
often employed today, the following value is obtained: 


rate of H, 


Jae Ol ./mol. wt.of C,H, 28.06 
rate of CoH, 


mol. wt.of 2.02 — 
Only a few scientists obtained results as long ago as 1829 
which agree so closely with results calculated today. 

Graham’s next paper, “On the law of the diffusion of 
gases,” was read before the Royal Society of Edinburgh 
on December 19, 1831, and then published in the 
Philosophical Magazine, 1833 (3). The object of this 
paper was to establish with numerical exactness the 
following law of the diffusion of gases: ‘The diffusion 
or spontaneous intermixture of two gases in contact is 
effected by an interchange in position of indefinitely 
minute volumes of the gases, which volumes are not 
necessarily of equal magnitude, being, in the case of 
each gas, inversely proportional to the square root of 
the density of that gas’ (3). If, at the beginning of an 
experiment, two gases are separated by a screen having 
minute openings, Graham discovered that the inter- 
change of “equivalent volumes of diffusion” takes place 
through these openings; and if the gases are of unequal 
density there is a consequent accumulation on the side 
of the heavy gas, and loss on the side of the light gas. 

Graham repeated Débereiner’s experiment with the 
tracked glass jar and then tried the same experiment 
substituting tubes, bell jars, flasks, and other glass ves- 
sls of very different forms, all of which had fissures. 
In every one of these vessels, filled with hydrogen, the 
Water rose, after some hours, to a certain height. He 


also used Wedgwood stoneware tubes, as had been 
used by Priestley in some of his experiments. Neither 
of these two types of apparatus proved satisfactory, 
however, for, even when every precaution was taken, 
the results were not precise. 

The invention of another very fundamental instru- 
ment by Graham led to the experiments which offered 
proof of his law of the diffusion of gases. He called 
this apparatus a diffusion tube which was constructed 
as follows (4): 


A glass tube open at both ends was selected, '/2 inch in di- 
ameter, and from 6 to 14 inches in length. A cylinder of wood, 
somewhat less in diameter, was introduced into the tube, so as to 
occupy the whole of it, with the exception of about '/; inch at one 
extremity, which space was filled with a paste of plaster of Paris 
of the usual consistency for castes. After a few minutes the 
plaster set, and, withdrawing the wooden cylinder, the tube 
formed a receiver closed with an immovable plug of stucco. The 
less water employed in slaking the plaster of Paris the more dense 
is the plug, and the more suitable for the purpose. In the wet 
state the plug is airtight; it was therefore dried, either by expo- 
sure to the air for a day, or by placing the instrument in a tem- 
perature of 200°F. for a few hours; and thereafter was permeable 
by gases, even in the most humid atmosphere, if not positively 
wetted. The tube was finally graduated by means of mercury 
into hundredths of a cubic inch, and the notation, as is usual with 
gas receivers, counted from the top. 


When a tube such as the one described above, 6 in. in 
length, was filled with hydrogen over mercury, the dif- 
fusion began immediately through the minute pores of 
the stucco and within three minutes the mercury had 
risen in the tube 2 in. above its level in the trough. 
Within 20 minutes all the hydrogen had escaped. 

Graham repeated this experiment varying the mass 
and state of dryness of the stucco plug, the length of 
the tube, the period of time, the temperature, the 
humidity, and substituting bladder, cork, wood, or 
charcoal for the stucco. Seven experiments were con- 
ducted using hydrogen, and then other gases were em- 
ployed. The experimental results varied but little 
from the theoretical results, as the following table shows: 


Equivalent Diffusion in Volumes of Gases; Air = 1* 


By By Specific 

experiment theory gravity 

Hz 3.83 3.7947 0.694° 
CH, 1.344 1.3414 0.555 
CLH, 1.0191 1.0140 0.972 
CO 1.0149 1.0140 0.972 
Ne 1.0143 1.0140 0.972 
O. 0.9487 0.9487 0.111 

0.95 0.9204 1.1805 
NO 0.82 0.8091 1.527 
Co, 0.812 0.8091 1.527 
SO, 0.68 0.6708 2.222 


* Taken from ref. (11). Modern formulas are given in the 
first column instead of the names used by Graham. 
* Error in printing; value should be taken as 0.0694. 


The density of any gas diffused into air, if both the 
gas and the air are in the same state as to water vapor, 
can thus be obtained by the formula, D = A/G)?, where 
G is the volume of gas submitted to diffusion and A is 
the volume of return air. 


=H 


Graham’s study of the diffusion of gases by no means 
ended here. Part I of his paper “On the motion of 
gases’”’ (13) is concerned with the passage of a gas into 
a vacuum through a small opening in a thin metal plate. 
A constant volume of gas, contained in a glass jar, was 
first passed through a drying tube and then the time, 
in seconds, required for the passage of this gas through 
the opening in the plate was noted. Graham tried this 
experiment with eight gases and the final results left no 
doubt that “different gases pass through minute aper- 
tures into a vacuum in times which are as the square 
roots of their respective specific gravities; or with 
velocities which are inversely as the square roots of their 
specific gravities’’ (5). 

Graham tried this same experiment with a mixture 
of gases next and found that in this case the velocity of 
diffusion was inversely proportional to the density of 
the mixture. Change in pressure was found to have 
very little effect on the rate of diffusion of air, but he 
discovered that “the diffusion time of air of different 
temperatures is proportional to the square root of its 
density at each temperature” (6). 

In 1863 Graham’s 16th paper on gases, ‘‘On the molec- 
ular mobility of gases” (1/2), appeared. In this paper 
he again discussed the diffusion of gases under pressure 
and for these experiments he made use of a graphite 
diffusiometer. This diffusiometer consisted of a plain 
glass tube about 22 mm. in diameter, closed at one end 
by a “graphite plate.”’ In order to conduct gas to the 
upper surface of the graphite plate, a little chamber was 
formed of a short piece of glass tube, about 2 in. in 
length, cemented over the upper end of the diffusiome- 
ter. This short tube was closed by a cork perforated 
for the entrance and exit gas tubes (7). The diffusiome- 
ter stood over mercury and the gas constantly swept the 
top of the graphite plate but exerted no additional pres- 
sure, other than that of the atmosphere, because of the 
free escape from the exit tube. After many experiments 
conducted with the same apparatus, Graham succeeded 
in proving to himself and to the scientific world that 


. .. the permeation through a graphite plate into a vacuum and 
the diffusion into a gaseous atmosphere, through the same plate, 
are due to the same inherent mobility of the gaseous molecule. 
They are the exhibition of this movement in different circum- 
stances. In interdiffusion we have two gases moving simultane- 
ously through the passages in opposite directions, each gas under 
the influence of its own inherent force; while with gas on one side 
of the plate and a vacuum on the other side, we have a single gas 
moving in one direction only. The latter case may be assimilated 
to the former if the vacuum be supposed to represent an infinitely 
light gas. It will not involve any error, therefore, to speak of 
both movements as gaseous diffusion, the diffusion of gas into gas 
in one case, -and-the diffusion of gas into a vacuum in the other. 
The inherent molecular mobility may also be justly spoken of as 
the diffusibility or diffusive force of gases (8). 


In 1841 Graham published ‘Elements of Chemistry,” 
a textbook intended for the medical or general chemis- 
try student. This text was considered the most valu- 
able of the time and later editions appeared in 1856, 
1858, and 1865. The first American edition was pub- 
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lished in Philadelphia in 1843. F. Julius Otto trans 
lated it into German and later, with modifications, jt 
was published in Germany under the editorship of 
Graham and Otto. 

Graham’s brilliant work on the diffusion of gases was 
first recognized in Scotland. He was the Keith Medgl- 
list of the Royal Society of Edinburgh in 1834. He was 
elected a Fellow of the Royal Society of London in 1836, 
He helped in founding the Chemical Society of London 
(1841) and the Cavendish Society (1846) and was the 
first president of each of these organizations. Beside 
other honors bestowed upon him by his countrymen, the 
French Academy of Sciences, of which he had been 
elected a corresponding member, awarded him the 
“Prix Jecker.”’ 

Graham’s ideas were far ahead of those of his con- 
temporaries. The efforts of most of his contemporar- 
ies, especially those in England, were spent on points of 
detail, on the filling-in of little gaps in chemical knowl 
edge of known substances, rather than in attempts at 
new developments. His work, on the other hand, is 
noted for the fundamental nature of his investigations 
and for the simplicity of his procedures. The fame of 
Thomas Graham rests mainly on his law of the diffu. 
sion of gases and his work on the diffusion of solutions 
of colloids and crystalloids. 
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* RESEARCH IN THE LIBERAL ARTS COLLEGE’ 


To MANY, the liberal arts college, traditionally and 
properly devoted to teaching, provides an uncongenial 
atmosphere for research. This has been stated much 
more emphatically. For example, former Chancellor 
Hutchins of the University of Chicago has said: “. 
the function of the college is to teach. It is not to con- 
duct scientific investigation or professional training. 
It aims at transmitting to young people an intelligible 
scheme of things. This is a full-time job. It requires 
an excellent staff centering its attention on teaching, on 
improving its teaching, on making its scheme of things 
more intelligent and intelligible. The responsibility of 
adding to the world’s knowledge does not rest upon the 
college. Its object is to communicate it” (/). 

In indicating what I take to be the legitimate place 
of research in the liberal arts college, I suppose that it is 
proper to present some notion of the purposes of such 
acollege. As one not directly associated with a liberal 
arts college, perhaps I have not the right or the compe- 
tence to enter upon such a discussion. Anyway, no- 
body would agree withtme. There has, of late, how- 
ever, been much examination of conscience on the part 
of colleges and universities, with reconsideration of 
their purposes, and hence, of their curricula and tech- 
niques. This has led to such widely circulated docu- 
ments as the Harvard report ‘On the Objectives of a 
General Education in a Free Society’’ and to many less 
widely disseminated but equally earnest studies on the 
part of numerous faculty committees. The Govern- 
ment has been active, too, in setting up recommenda- 
tions, and even Life has devoted a recent issue to the 
problems of contemporary American education. 
Although these studies were no doubt in part pre- 
cipitated by World War II, they derive from our per- 
petual concern about education which goes back at 
least to Aristotle, as well as more specifically from the 
changing of conditions over recent decades which were 
brought into sharper focus by the war. For the liberal 
arts education, which had its traditional core in the 
humanities, the war, I think, only gave impetus to the 
long-continued assault of what has been called “opera- 
tional learning’’—the physical, biological, political, and 
social sciences—upon classical learning, and which had, 
long before, wrought deep changes in the liberal arts 
college. A great danger exists that the unwary college 
May give way too much before this assault, particularly 
since the so-called applied aspects of science have been 
80 greatly overemphasized to the general public, which 
includes alumni. 


* Based on talks given at Incarnate Word College, San Antonio, 
oa (December 15, 1950), and before the Kentucky Association 
Chemistry Teachers, University of Louisville (April 12, 1951). 
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What we want is balance. The humanities have been 
the traditional core of a liberal arts education. With 
this I am in agreement, provided we remember that the 
humanities mean the complete study of man in all his 
aspects and relationships, not excluding those with his 
Creator. I think it will be conceded that it is impossi- 
ble and undesirable to avoid an integrated study of the 
sciences in any modern humane education. Sarton 
has said: “The history of science is the only history 
which can illustrate the progress of mankind. In fact, 
progress has no definite unquestionable meaning in 
other fields than the field of science. To be sure, we 
should not be dazzled by the Shibboleth ‘progress,’ for 
there are other features of human life which are at 
least as precious as scientific activities, though they are 
unprogressive: charity and the love of beauty, for 
example. But if we wish to explain the progress of 
mankind, then we must focus our attention on the de- 
velopment of science and its applications” (2). 

For me, all this simply means that liberal education 
must include those studies which are precious to human 
life, if unprogressive in Sarton’s sense; and those which 
illustrate the progress of man. How each college shall 
go about formulating its aims and how it shall translate 
them into educational reality are problems which each 
must solve. I am sure that some have taken too 
limited a view when they have announced their purpose 
to be the teaching and defense of free enterprise and the 
American way of life; or to serve the immediate needs 
of the people of their area; or, on the part of a college 
for women, to pledge that their graduates will be charm- 
ing, happy, and safely marrried. Laudable as each of 
these aims may be, they seem to me to fall short of the 
purposes of a liberal arts college. I admit inability to 
satisfy myself completely about those purposes and I 
am sure I would never satisfy anybody else. Among 
many statements of liberal arts college aims which I 
have read, I should like to quote one which to me seems 
to cover many of the necessary elements. This college 
endeavors (3) : 


To train its students in the methods of thinking and in the use of 
the main tools of thought. 

To acquaint them with the main fields of human interest and to 
direct them in the acquisition of knowledge therein. 

To guide them in the integration of knowledge. 

To afford them intensive training, and to encourage creative 
activity, within a chosen field. 

To prepare them for further study or (within certain limits) for 
occupation after college. 

To establish in them the habit of continuous scholarly growth. 

To develop their power to enjoy, and to create the beautiful. 

To develop their physical and mental health. 

To develop their social resourcefulness. 

To develop their moral] and religious life. 
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To prepare them for intelligent, effective, and loyal participation 
in the life of family, community, nation, and the international 
order. 


Whatever be the specific purposes of liberal arts col- 
leges, I believe that their activities on the behalf of 
their students are concerned largely with intellectual 
achievement and that means with knowledge. I want 
to make it clear that knowledge does not mean a mere 
accumulation of facts or data, although these are neces- 
sary; it means ideas and principles as well. Now, 
there seem to be three aspects of knowledge. These 
are: the preservation of knowledge; the diffusion of 
knowledge, or teaching; and the discovery of knowl- 
edge, or research. There is certainly no quarrel about 
the major duties of the college in respect to teaching, 
which is its central activity. To the college also falls 
some responsibility for the preservation of knowledge, 
although the great libraries, whether in universities or 
elsewhere, must bear by far the greater part of the bur- 
den. The discovery of knowledge, as a rule with some 
brilliant exceptions, has been restricted, among educa- 
tional institutions, to the universities in their graduate 
and professional schools. I do not believe that this 
should be the rule. Granted that the discovery of new 
knowledge, especially in the sciences, tends to be ex- 
pensive and to require special training and aptitude, it is 
a vital aspect of learning and ways can be found for its 
encouragement without detriment to the prime objec- 
tive of teaching, and, indeed, to its enrichment. Pro- 
ductive scholarship—which is but another way of say- 
ing “research’’—should not be confined to universities, 
research institutes, and industry. And, although what 
I say is directed largely toward scientific research, I 
wish to emphasize that I have in mind research in the 
whole domain of learning, in the humanities and in the 
fields of economic and social studies. 

For what reasons, then, should the college encourage 
research on the part of its faculty and students? 

First, knowledge is the stock in trade of the college. 
The college, therefore, should deal with the interrela- 
tionships of all aspects of knowledge. Discovery, or 
research, is vital. Without it there would be no 
knowledge to preserve or to teach. It seems reasonable 
that the college should pay some attention to the means 
by which knowledge is acquired, not solely by the 
method of case histories, but also by actual participa- 
tion. 

Second, we need research. It is worth while in itself, 
as is teaching. But as never before we need new 
knowledge; not just specialized knowledge for an 
immediate practical end, but knowledge with an aware- 
ness of relationships and responsibilities; knowledge 
which is not just data but which goes to principles; 
knowledge which includes understanding. Where bet- 
ter can the growth of such knowledge be fostered than 
in college? 

Third, the college faculties contain great numbers of 
men and women capable of doing good research. In 
the words of Professor Kraus, of Brown University: 
“There is a great reservoir of research capacity in the 
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teaching staffs of our colleges. The lack of research 
production among those who teach in our colleges jg 
regrettable. In few of our colleges is research encour 
aged; in some it is definitely discouraged. In some jp. 
stances, the teaching load of staff members is unduly 
heavy; in some others, facilities for research ap 
limited. Even so, one might expect greater research 
production in our colleges than is presently the cage” 
(4). 

Do not feel that the busy college instructor cannot 
find time to do good research. If the will be there, the 
way follows, although it is certainly not too much to 
ask that the college administration help smooth that 
way. Research productivity in the college results from 
a combination of able and enthusiastic instructors and 
a sympathetic administration which avoids over-heayy 
teaching loads and provides a modest budget. The 
research units in small colleges affiliated with the Insti- 
tutum Divi Thomae have demonstrated to my satis 
faction the ability of instructors in such colleges to do 
good research under these conditions. For example, a 
recent survey by Professor Sampey (4) indicated that 
one of these units ranked third in productivity of chemi- 
cal research among American liberal arts colleges during 
the years 1942-45, and fourth during 1946—49, on the 
basis of publications in the Journal of the American 
Chemical Society. Some colleges are doing excellent 
jobs, and some active support is being given by such 
organizations as the Research Corporation.. But much 
is yet to be done; the survey just mentioned lists only 
37 colleges which published any research in the Journal 
of the American Chemical Society between 1942 and 
1949, accounting for less than one per cent of the 
papers published in that journal. This showing i 
even worse than that revealed in an earlier survey for 
the years 1927 to 1941 which caused Professor Sampey 
“to conclude that the research published by teachers in 
liberal arts colleges occupies a place of negligible im- 
portance in the program of such teachers” (6). While 
the criterion employed in this survey was extremely 
narrow, the results are at least suggestive. All of this 
indicates the existence of a vast research potential 
among college faculties. It is shameful to waste it. 

A fourth reason for research in the college involves its 
relationship with teaching. Participation in 
vitalizes a professor’s teaching. All too often the cok 
lege teacher’s sole contact with research occurred at the 
time of acquisition of an advanced degree. A revival 
and active use of that research training cannot help but 
make the teacher feel that he is contributing, if only m 
a small way, to the edifice of knowledge, and that hes 
not simply living in someone else’s house, rent-free. 
This feeling of active participation almost inevitably 
enhances his “enthusiasm . . . for his subject and is 
dissemination,” as Professor Hartman has said (7). ! 
urge that research benefits teaching despite a certail 
basic truth in Hutchins’ remark that “there is an esse 
tial conflict between teaching and research” (8). Id 
not say that all teachers should do research or that al 
researchers should teach; there are some who can do 
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the one brilliantly but not the other. But I am con- 
vinced that for most of us the one fructifies the other. 
And finally, for the student, the enthusiasm which 
research engenders in his teacher is contagious. It can 
make learning, which all too often may seem static and 
dead, dynamic and vital. For learning and knowledge, 
in spite of some musty attributes, are living and moving. 
From this quality is born what LeGallienne somewhere 
aptly called “the joy of scholarship.” To my mind the 
effect of research on the student in the liberal arts col- 
lege is the most important of all. If the student can 
see that his teachers are taking part in a living enter- 
prise, and best of all, if the gifted student can partici- 
pate in it, he may readily be ied into a habit of “continu- 
ous scholarly growth.” A few students will be drawn 
into a life work in research; for this not only the gradu- 
ate school but the world at large will be grateful. But 
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much more important is the development in the student 
of this habit of continuous scholarly growth, a habit 
which will help him and give him joy throughout his 
lifetime. This is far more important than any specific 
bit of research which he may accomplish. For the 
primary concern of the college is not simply knowledge; 
the primary concern of the college is the student. 
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PLAYING CARDS 


Tur use of devices as teaching aids in chemistry has 
long expedited the laborious task of making lucid the 
abstract or more intangible concepts. The utilization 
of models, figures, illustrations, and slides has become a 
hecessary adjunct to the successful pedagogue’s itiner- 
ary. Cards on which the chemical symbols were 
written proved valuable to such investigators as New- 
lands, Meyer, and Mendeleev who sorted the elements 
and catalogued their similarities. Recently, playing 
cards have been used to good advantage in teaching 
interrelationships of the periodic system.' The use of 
blackboard-size drawings of atoms and molecules has 
proved time saving, stimulating, and effective, espe- 
tially in the secondary schools and in the Armed Forces 
training groups. 

As a result of an endeavor to simplify the teaching of 
Valence and other features of combining capacity to 
students of undergraduate organic chemistry, the 
playing card concept was used to good advantage by 
marking the cards with the chemical symbols (one ele- 
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ment per card) surrounding which the correct number 
of valences were represented as dash marks. These 
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were made up according to the ratios of statistical occur- 
rence of the most abundant elements in organic com- 
pounds (7. e., C, H, O, N,S, and P). 

The game of “Valence” is played using a deck of 50 
to 100 cards which is dealt in hands to the participating 
students. These hands are then played by building 
molecules according to the 
simple rules of combining 
capacities, whicharein many 
cases simpler to remember “H 
than the playing rules of 
canasta, pinochle, or bridge. 

As a game the project be- 
comes in many instances sig- 
nificantly more rewarding, | f 


‘H 


informative, and even amus- CH -§- 
ing to the student as com- 3 ; 
pared to the rigors of con- \ 4 


ventional methods of teach- 
ing such concepts. Figure 1 
illustrates the manner of marking the cards. It will be 
noted that several ‘“‘kinds” of carbon, oxygen, and nitro- 
gen are included, showing distinctions between single and 
double bonded elements as well as properly restricting the 
manner of using some of these according to the known 
rules of chemical combination. Tetravalent and double 


Figure 2 
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plies a group of carbons functioning as a stable unit and 
double bond character of a different type than in acyclic 
combinations. It is evident that groups of atoms or 
radicals such as nitro, methyl, and amino might be in- 
troduced in place of the individual elements to reduce 
the number of cards to a smaller but equally workable 
number. Figures 2, 3, 4, and 5 show a few of the pos- 
sible combinations. To synthesize a molecule, cards 
are placed so as to attach the elements by means of the 
dash marks, using up the full quota of dashes on each 
card. Hence, the idea of constructing configurations 
with correct valences is readily presented. Figure 3 
illustrates the manner of synthesizing graphically an 
aldehyde (acetaldehyde) from which the eorresponding 
acid (acetic) is derived by the simple insertion of an 
oxygen. Figure 4 demonstrates the use of the benzene 
ring in formulating benzene and nitrobenzene; the 
manner of building hydrocarbon chains with unsatura- 
tions is presented in Figure 5. With students lacking a 
knowledge of chemistry it was observed they readily 
acquired the ability to make appropriate “workable” 
combinations of elements into carbon chains with the 
functional groups properly appended. They were 
agreeably surprised in many instances after winning a 
hand to find they had synthesized a substance with 
known chemical and physical properties and with which 
they were already familiar (such as the acid of vinegar 
and alcohols of grain or wood). To aid and stimulate 
interest in chemistry, large placards were made up on 
which common functional groups were drawn as head- 
ings to columns and the properties of each type as well 
as examples and uses were tabulated in the columns. 
Using these as models, students are able to channel their 
card-matching efforts toward the construction of com- 
mon, well-known formulas. 

For chemists, colleagues, and associates who are well 
grounded in fundamentals of chemistry and who might 
have tended to look upon the playing card concepts of 
valence with some levity and facetiousness, a game was 
devised, similarly called ‘‘Valence,” which has since be- 
come a favorite pastime at lunch, during train travel en- 
route from meetings, or at smokers and the like. This 
game is played by dealing seven cards to each of the 
participants, and follows the general principles of con- 
quian or rummy as played with conventional playing 
cards. The balance of the deck is placed in the center 
of the table and cards are drawn and discarded in se- 
quence by the players until a player “builds” a molecule. 
When a player has the proper cards with connected 
valence markings to lay down a molecule, he calls for a 
showdown (in his turn). In this particular game the 
scoring is done by adding the atomic weights of the 
atoms in the compound synthesized. The player calling 
the showdown may or may not have excess cards in his 
hands. If he does, he may win the hand only by pos 
sessing a sum of weights of unmatched cards less than 
that of the unmatched cards held by any other player. 


bonded carbon, the methyl and methylene groups, and For instance, Player A may call for a showdown at his 
individual elements exhibiting variable valence are turn to draw a card from the pack, having synthesized 
shown. The benzene nucleus shown on one card im- acetaldehyde, CH;CHO, and having one carbon and one 
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hydrogen left over. The sum of weights of the un- 
matched cards in this case is 12 (C) plus 1 (H) equal- 
ing 13. Ifno other player, at the time of the showdown, 
is able to put down unmatched cards totaling less than 
13, Player A wins the hand with a score equal to the 
molecular weight of the compound he has made. Si- 
multaneously, deductions are made from the scores of 
the other players equal to the sums of cards they cannot 
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re) 
H-C 
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build into a simple known formula. Since it is nearly 
always possible to form combinations leading to H-O-H, 
NH;, CSe, CH, CO2, and other simple molecules, many 
interesting possibilities result. Several game rules have 
evolved, such as: (a) the winning hand is that which 
contains the molecule with the highest molecular 
weight; (b) the player has an option to pick cards with- 
out discarding if he wishes to risk building a chain of 
atoms which requires more atoms than he is holding; 
(c) required combinations of atoms must conform to 
the rules of chemical combination (two hydroxyls 
normally do not coexist on a carbon, ketones are more 
stable than enols, and so forth); (d) molecules such as 
C02, CS2, H,O, and H.S are restricted to the use of the 
appropriately marked type of oxygen or sulfur; and (e) 
players are prohibited from picking up more than one 
i. at atime (from the top of discards or the top of the 
eck). 

In order to introduce the possibility of greater return 
for greater risk, two cards were made up containing the 
benzene nucleus (Cs). The holder of such a card has 
the option of holding it and drawing six hydrogens to 
make benzene, or drawing some such acceptable number 
of cards to make combinations such as phenol, cresol, 
benzoic acid, aniline, and so forth. If successful, this 
card represents a 72 (the sum of the weights of six car- 
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bons) bonus. The other alternative is not to hold this 
card and avoid the risk of a 72-point deduction in case of 
a loss. 

Another instructive and enjoyable pastime has been 
the playing of the cards similar to the game of dominoes. 
In this, the cards are divided among the participants and 
are played in sequence, face up and one atatime. The 
group works towards synthesizing one molecule in the 
center of the board but the winner of each game is the 
first player to complete any known formula. The 
molecular weight of this substance may be credited to a 
point score if desired. 

When one considers the infinite number of games pos- 
sible by matching the cards in the conventional type of 
deck, it is at once obvious that numerous analogous 
games may be improvised using chemical playing cards. 
Many such variations have been tried, but complete and 
workable rules for most are still being evolved. Prac- 
tically each time a hand is played an enterprising player 
has some suggestion to make which enhances the instruc- 
tive, or amusement, value of the particular trial of the 
moment. In this regard many such constructively 
critical comments have served to put the present system 
on a facile basis. The cards, used instructionally, can 
definitely aid students as low as high-school level to 
grasp quickly the concepts of combining capacity, 
formulas, molecular weights, and the manner of writing 
graphical formulas; whereas to the chemist the cards 
are a source of diversion and entertainment. 
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AN ERROR has been pointed out in Figure 2in the paper, ‘““The polarographic diffusion current 
and the height of the mercury reservoir,” on page 495 in the September issue. A 2-volt accumu- 
lator cell should have been indicated in the top line of the circuit diagram. 
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* STOPCOCK LUBRICANTS 


Aiursoven most laboratories prefer to buy one of the 
prepared stopcock lubricants for their general use, the 
occasion sometimes arises when a special lubricant is re- 
quired. In addition, the preparation of these lubri- 
cants provides a useful and interesting laboratory exer- 
cise for elementary and intermediate students. 

Because of their low vapor pressure and insolubility 
in aqueous reagents, the petrolatum-rubber paraffin 
lubricants are among the most popular. Shepherd and 
Ledig (14) investigated this type quite thoroughly and 
recommended the following formulas: 


High vacuum General Light 
Pale crepe rubber 31 parts 6 parts 10 parts 
White vaseline 24 parts 7parts 18 parts 
Paraffin, m. p. 36°C. 5 parts 1 part 1 part 


The mixture of the respective ingredients is heated to 
155°C. for 190 hours with continuous stirring, poured 
into small ointment cans, and chilled on ice immediately. 
After aging ten days, the grease is ready for use. 

A similar recipe is given by Ardagh and Davidson (1). 
Melt 77.5 per cent of white petrolatum and 15 per cent 
of white paraffin (m. p. 53°C.) in an oil bath at 130°C. 
Add gradually 7.5 per cent of pale rubber crepe cut into 
small shreds. Stir continuously for six hours. While 
still just fluid, pour on a chilled aluminum plate. The 
grease is scraped from the plate and boxed. It is said to 
be insoluble in 15 per cent sodium hydroxide. 

Still another variation will be found in Scott (73). 
Soft grease: Thoroughly mix, by melting and stirring 
three parts vaseline and one part beeswax. Hard 
grease: Add one part (7. e., 1:4) of soft black rubber in 
small bits to the above mixture, heat to 140-150°C., and 
stir constantly until thoroughly incorporated. 

In order to avoid the lengthy heating and stirring 
times, Sveshnikov (16) suggests mixing 20 per cent of 
rubber cement with 80 per cent of petrolatum and heat- 
ing the mixture until the benzene has evaporated. 

Although not a member of this group except for its 
insolubility in water, black steam cylinder oil has been 
suggested as an expedient by Freund (4). 

Another group of lubricants are those using a soap 
base. In general these are heavy greases suitable for 
desiccator lids and glass joint seals. Case (3) recom- 
mends the following recipe: Two grams of dry soap are 
added to 100 ml. of a medium grade lubricating oil. 
The mixture is heated to 150-200°C. with stirring, for a 
few minutes, until solution is complete. Twenty grams 
of paraffin wax are then added with stirring. The cooled 
mixture forms a stiff jelly which retains its consistency 
at room temperature. Krause (7) recommends linseed 


MAXEY BROOKE 
Phillips Oil Company, Sweeny Refinery, 
Sweeny, Texas 


soap melted with soap flakes. The resulting lubricants 
said to be insoluble in gasoline, kerosene, benzene, and 
ethyl alcohol. Hodgman (6) suggests heating 200 ¢ 
Standard Viscous Oil No. 32 and 50 g. of aluminum 
stearate to about 150°C. On cooling this makes an ey. 
tremely sticky, ropy, tough adhesive for ground glas 
surfaces. Morgan and Lowe (9) have patented a mix. 
ture of stearamide and glyceryl monoricinoleate which 
is said to be insoluble in both organic solvents and 
water. 

In searching for hydrocarbon insoluble lubricants, 3 
number of workers have investigated various sugar gels, 
Meloche and Fredrick (8) give as a recipe for sucha 
lubricant: mix thoroughly 25 g. of anhydrous glycerin, 
7 g. of dextrin, and 3.5 g. of c. p. d-mannitol until a 
thick paste is obtained. Heat carefully with constant 
stirring until the solid material is dissolved and the 
solution just begins to boil. Cool with occasional 
stirring to room temperature and store in ointment jar. 
To increase the viscosity add more dextrin. To in 
crease the fluidity add more glycerin. To impart the 
property of a greasy paste add more mannitol. The 
material is resistant to hydrocarbons and chlorohydro- 
carbons but should not be used with water, alcohols, 
alphatic acids, amines, or nitrogen-containing hetero- 
cyclic compounds. 

A simpler grease is described by Herrington and 
Starr (5). Suspend 9 g. of soluble starch in 22 g. of 
glycerol and heat to 140°C. After standing a short time 
decant the clear solution from the sediment and allow 
to cool. After twenty-four hours the mixture has the 
consistency of a heavy grease and is resistant to both 
ethyl and petroleum ethers. It is slowly souble in water 
but can be used in contact with water if renewed fre 
quently. 

Neither of the above two greases is satisfactory for 
high vacuum work. Puddington (11) gives the foliow- 
ing formula for high vacuum grease. Paste carefully ! 
to 3 per cent of medium viscosity polyvinyl alcohol and 
15 to 20 per cent of mannitol in glycerol. Heat to 130° 
C. and stir until dispersion is uniform and complete. 
Cool with occasional stirring and keep in a desiccator. 
The mannitol can be replaced with about 40 per cent 0 
sucrose and the glycerol with triethanol amine. This 
lubricant cannot be used with the lower alcohols and 
ketones. 

It would seem that resins would make very desirable 
stopcock lubricants but very little has been reported 00 
their use. Sager (1/2) recommends the formula: ole 
mol of citric acid and 1.5 mols of tetraethylene glycd 
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are heated together at 180-185°C. for 90 minutes. The 
flask is removed from the oil bath and allowed to cool to 
room temperature. Prolonged heating of this mixture 
results in an infusible product. The resin obtained is 
clear, amber-colored, of balsam consistency, and has a 
marked adhesiveness. It is readily soluble in water, 
alcohol, and acetone but insoluble in petroleum ether 
and toluene. It is chemically inert and may be kept 
indefinitely without changes occurring in its properties. 

Pearlson (10) modifies this formula so that it can be 
used for a high vacuum, thus: Heat 7.5 g. of cellulose 
acetate, cut in small pieces, in 45 g. of tetraethylene 
glycol for four hours at 140°C. with frequent stirring. 
Heat 30 g. of citric acid in an oil bath to 190°C. and add 
the cellulose acetate solution. Continue heating at 
180-190°C. for 90 minutes. To remove the dissolved 
water, pour the solution immediately into a previously 
heated glass jar in a desiccator and evacuate the desicca- 
tor as rapidly as foaming permits. The resin is kept in a 
tightly closed jar. 

All the lubricants described thus far are organic. 
Occasionally an inorganic stopcock grease is needed. 
Stephens (15) prepared such a lubricant by mixing 18 g. 
metaphosphoric acid with 35 g. of 85 per cent orthophos- 
phorie acid. A few drops of nitric acid is added to de- 
stroy reducing substances and the mixture is heated to 
300°C. in a platinum crucible. The heating time 
should be about 15 minutes. The melt is held at 300° 
for another 15 minutes, cooled to 100° and poured into 
bottles with rubber stoppers. It is recommended that 
several small bottles be used because the lubricant is 
spoiled by the admission of moist air when the bottle is 
opened a few times. 

Two similar recipes are described by Boughton (2b) 
which have the advantage of being nonhydroscopic. 
Dissolve 10 g. of metaphosphoric acid in 100 cc. of dis- 
tilled water, add 2 g. of boric acid crystals and stir until 
dissolved. Evaporate to about 25 ml. and add 1 ml. of 
85 per cent orthophosphoric acid. Stir with a ther- 
mometer until the temperature reaches 122°C. Trans- 
fer the resulting colorless, viscous sirup to rubber or 
glass-stoppered bottles. The second recipe: dissolve 10 
g. sodium metaphosphate (prepared by heating mono- 
sodium phosphate or sodium ammonium phosphate in 
platinum over a blast lamp until a quiet melt of redness 
is obtained) in 50 ml. of distilled water. Add 2g. of borax 
and boil the mixture until the temperature reaches 
106°C. Both lubricants can be used with organic 
liquids and vapors, acidic and neutral gases. Their use 
with alkaline gases or water is not recommended. They 
have the added advantage of being usable at elevated 
temperatures. 

The final recipes are mixtures of inert solids with 
inert liquids. Boughton (2c) studied a number of 
such mixtures. Ten grams of kaolin, bentonite, 
graphite, or silica is mixed with 6-8 ml. of a 50 per cent 
saturated solution of calcium or zine chloride. The re- 


sulting pastes have a limited use since they tend to clog 


openings and squeeze out. Their principal merit is 
their utility at sub-zero temperatures. 

Hodgman (6) offers a modification of the above 
recipe which gives it better lubricating characteristics. 
He suggests mixing bentonite clay with glycerin until a 
paste of the desired consistency is obtained. This mix- 
ture is resistant to nonpolar compounds but cannot be 
used with polar liquids such as water or alcohol. 

Boughton (2a) also describes an inorganic lubricant 
which is inert to practically every solvent. The stop- 
cock is thoroughly cleaned and silvered by immersion in 
ammoniacal silver nitrate and Rochelle salt several 
times. An amalgam is prepared by mixing 5 g. of 
solder, 5 g. of Woods metal, 2.5 kg. of zinc, and 80 g. of 
mercury. A small amount of the amalgam is placed on 
the concave surface; the stopcock is inserted and 
gently rotated until a seal is made. The seal is perma- 
nent for several days and can be renewed by the use of 
more amalgam. 
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G WALTER SPRING, AN EARLY PHYSICAL 


CHEMIST’ 


Tue Belgians are known to have contributed much to 
the advancement of chemistry. For a nation whose 
population compares with that of the city of New York 
it is remarkable to recount the impact which many of 
its native-born or adopted chemists have made in the 
historical literature. Beginning arbitrarily about 1830, 
when national independence was established, a signifi- 
cant list of notables could include Jean B. van Mons 
(1765-42), Jean S. Stas (1813-91), Louis Melsens (1814— 
86), Freidrich A. Kekulé (1829-96) (who spent nine years 
at Ghent), Louis Henry (1834-1913), Ernest Solvay 
(1838-1922), Leon Crismer (1858-1944), Fredric Swarts 
(1866-1940), Albert Sauveur (1863-1939), Leo H. 
Baekeland (1863-1944), Jean Timmermans (1882-?), 
and Walter Spring (1848-1911). 


1 Presented at the 117th Meeting of the American Chemical 
Society, Boston, April, 1950. 


Courtesy of Dr. Jean Timmermans, University of Brussels 
Walter Spring 


FABIAN LIONETTI and MILTON MAGER 
Boston University School of Medicine, Boston, 
Massachusetts 


Spring was a nineteenth century chemist of great 
originality and imaginative researches. He was bom 
in 1848 (March 6), the son of a professor of physiology 
of the medical faculty at Liége. His early studies were 
characterized by failures in classical languages and 
mediocre ability in letters. This inability to succeed 
in his education and the resultant domestic strife led 
him to leave his home and family and to take a position 
as a laborer in an applied metallurgical laboratory (a 
metalsmithy).? It was here he developed a dexterity 
for manipulative skills which aided greatly in his future 
brilliant researches. His choice of a career in chemistry 
was greatly influenced by Jean Stas, a family friend, 
and one who was perhaps the most eminent of Belgian 
men of science. Guided by the inspiration of Stas, 
who also “sired’’ such other Belgian chemists as Ernest 
Solvay, Leon Crismer, and Louis Henry, he accom- 
plished a successful six-year period of study in science at 
Liége (1867-72), which culminated very successfully in 
his acquiring the Ph.D. degree in the final year. The 
following two years were spent at Bonn where Kekulé 
and Clausius exercised profound influence on his aspira- 
tions and scientific ideals. In 1875 he returned to 
Liége where he was appointed teacher of theoretical 
physics. The following year he was named professor 
of organic chemistry; and in 1884 he became permanent 
examiner of the Military School of Belgium and also 
gained election to the Belgian Academy. In his early 
career he coincidentally held the position of engineer in 
the Belgian Bureau of Mines.* 

Spring’s research endeavors were characterized by 
the originality of his theoretical views and the minute 
exactitude of his experiments; his early work reflected 
a strong influence of prominent men of his time—Stas, 
Kekulé, and Clausius. His first lectures discussed the 
thesis of Stas on the role of hypothesis in science and 
proclaimed the important part which imagination has 
in research. In his first work one meets the influence 
of Kekulé wherein he applied his views to the interpre- 
tation of the formula of polythionic acids and that of 
Clausius when he undertook the study of electrostatic 
phenomena in mercury-filled capillary tubes. In 1880 
he opened to students the first laboratory of chemistry 
at Liége, but his untiring devotion to pure research, his 
exacting standards, and his inability to adjust himself 
socially led finally to clashes with the administration of 


2 TimMeRMANS, J., “Histoire de la chimie,” Les Presses Uni- 
versitaires de Bruxelles, Brussels, 1947, pp. 99-104. 

’PoacEenvorr, J. C., “Biographisch-Literarisches Hand- 
worterbuch,”’ Vierter Band, Leipzig, 1904, p. 1423. 
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the university and misunderstandings with his col- 
leagues at the Ecole des Mines. The result was, for 
Spring, a life of solitary seclusion in his laboratory. 

Spring’s numerous and varied investigations showed 
him to be quite versatile and to have interests very 
broad in scope. He displayed a prolonged interest in 
the chemistry of organic and inorganic sulfur com- 
pounds, which included preparative studies on thioace- 
tone, hyposulfurous acid, and metal sulfides. He 
studied the expansion of alloys with temperature and 
exceptions to the law of Dulong and Petit. He is re- 
membered mainly, however, for the studies of the effects 
of pressure on liquid and solid systems and for extensive 
researches in colloids. In his work on the compression 
of solids he was able to obtain pressures of 20,000 kg. 
per sq. cm. and demonstrated that carefully cleaned 
and scoured metal powder was welded into compact 
blocks under pressures of this magnitude. He also 
demonstrated that polished blocks of copper and zinc 
when placed in close contact and compressed produced 
an intermediary layer of brass, which proved the 
reality of diffusion of metals in the solid state. When 
objections were made that the heat of compression 
might have raised the temperature and caused lique- 
faction—hence favoring the reaction of the two metals 
—Spring refuted these by compressing phorone (melt- 
ing point 28°C. under a pressure of 1 atm.) and showed 
the compression produced a compact block without 
liquefaction since a lead pellet placed in the phorone 
was found in the same position at the end of the experi- 
ment. He determined densities of fused solids and 
showed an elevation by compression which tended to a 
definite limit ‘‘by the abolition of pores,’’ whereas salts 
of lead, zinc, aluminum, and ammonium sulfate showed 
an increase in specific volume with compression. The 
latter phenomenon was interpreted by Spring as a 
proof that the fluid state is a partial liquefaction in- 
volving an expansion. On the contrary, bismuth, 
whose specific volume diminished with fusion, con- 
tracted also when subjected to high pressure. Finally, 
he investigated the properties of salt hydrates and 
double salts and, guided by the principle of Le Chatelier, 
demonstrated that the volumes of these salts were 
greater than the sums of the volumes of the constitu- 
ents, and hence decomposed under pressure. Some of 
his researches on the compression of powdered solids 
were published in Silliman’s journal (American Journal, 
36, 1888), the first truly scientific journal in the United 
States. An interesting application of these high-pres- 
sure methods was the discovery that peat could be 
transformed into lignite and that pressure applied to 
layers of clay between which organic deposits were in- 
troduced produced schist rocks. 

There followed an extensive array of papers on the 
physical properties of water, its color, purity, and sol- 
vent action which led to numerous interesting findings 
and an investigation of the waters of the Meuse River 
was conducted in which collaborative analyses were 
done with Proust and Roland. Repeated analyses 
every day for a year were done in order to verify the 
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composition of the water and determine the variation 
with time. Studies on the color of the waters of the 
river led eventually to the preparation of optically pure 
water which Spring was among the first to have pre- 
pared. Water devoid of Tyndall effects was. obtained 
by carrying down the sedimented particles with the aid 
of colloidal precipitated zinc and aluminum hydroxide 
formed by the action of ammonia on soluble salts of 
zinc and aluminum. In order to determine the color 
of pure water he observed layers as thick as 26 meters, 
which experimentation necessitated optical instruments 
of extreme precision and required skilful manipulation. 
Spring determined that pure water is blue whereas run- 
ning water is green or brown by virtue of particles of 
humic acid suspended in it. The color researches were 
extended to organic liquids, of which hydrocarbons were 
shown to have a yellow color and alcohols, interestingly 
enough, to be green—the color intermediate between 
water and the paraffins. Spring did much to help 
prove that gravitational, electrical, magnetic, and sur- 
face tension forces between particles were not the causes 
of Brownian motion,‘ a controversial subject in 1900 
which was being debated vigorously among his contem- 
porary investigators. On salt solutions it was observed 
that true solutions formed by the alkali metals salts 
were optically clear, whereas with salts of heavy metals 
hydrolysis produced hydrates of colloidal, light-scatter- 
ing dimensions. In order to make these observations 
he devised and constructed an optical instrument which 
later became the ultramicroscope of Siedentopf and 
Zsigmondy. Finally, Spring discovered variations in 
properties such as color and conductivity in solutions 
of electrolytes, e. g., potassium bichromate, which varied 
with time. He interpreted these phenomena to be the 
result of a slow disaggregation of complexes formed by 
chromic acid in solutions. Numerous other labors can 
be listed among such varied fields as crystallography, 
pharmacy, organic chemistry, physics, and geography, 
including the publication of joint papers with Ostwald 
and van’t Hoff. 

The published articles by Walter Spring number well 
over one hundred and include considerations of natural 
phenomena such as the color of the sky, a biography of 
Jean Stas, and descriptive writing on the scenic beauties 
of the Mosan Valley.’ Biographical literature on 
Walter Spring is suggestive of an eccentricity charac- 
teristic of the type who, by secluded study, lives exclu- 
sively for his professed work and renounces all social 
contacts. Dr. Jean Timmermans (rather anomalously) 
says of Spring that he was a veritable misanthrope pos- 
sessed of a warm heart. Nevertheless, his proclivity 
for broad, imaginative research in basic science and his 
dextrous ability in. manipulative procedures have 
earned for Walter Spring the distinction of having been 
one of Belgium’s most productive and original chem- 
ists. 


4 Tuomas, A. W., “Colloid Science,’”’ McGraw-Hill Book Co., 
Inc., New York, 1934. 

5 CrismER, L., “Oeuvres completes de Spring,” Biographie, 
Bruxelles, 1914. 
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Proceedings of the 


PACIFIC SOUTHWEST ASSOCIATION 
OF CHEMISTRY TEACHERS 


OFFICIAL BUSINESS 


ASSOCIATION MEETING 


The Pacific Southwest Association of Chemistry 
Teachers sponsored an afternoon program at the annual 
meeting of the Pacific Division of the American Asso- 
ciation for the Advancement of Science held the week 
of June 18-23 at the University of Southern California. 
L. Reed Brantley, President of the PSACT, presided 
and members from both the Northern and the Southern 
California Sections of the Association attended. 

The first speaker, Geoffrey Keighley, Research 
Fellow, California Institute of Technology, talked on 
“How to get started in radioactive tracer research.’ 
The lecture was illustrated with actual assemblies of 
the minimum equipment necessary for good measure- 
ments and some examples of simple techniques in 
mounting samples for counting. 

Willian H. Jones, U. 8. Testing Company, gave a 
“Review of textiles, their chemical treatment and 
evaluation.’’ Mr. Jones discussed the chemical treat- 
ment of natural and synthetic fibers and outlined the 
minimum needs for equipping a laboratory for textile 
testing instruction. He stressed the need for such a 
laboratory for the west coast area. 

The final session was a stimulating panel discussion 
on “How profitable is undergraduate research?” 
Chairman of the panel was Frank L. Lambert, Occi- 
dental College, and the participating members were 
Norman Kharasch, U.S.C., Robert Winans, Occidental 
College and William V. Mayer, U.S.C. Dr. Kharasch 
and Dr. Winans upheld the positive side of the question, 
and stressed the advantages to the student of an actual 
experience in carrying out an original piece of independ- 
ent research. Dr. Kharasch felt that only the really 
exceptional student should be allowed this privilege. 
Dr. Winans stated that such a program had been suc- 
cessfully carried out for a number of years at Occidental 
College by seniors with adequate background and 
demonstrated ability. On the other hand, Dr. Mayer 
felt that research consumed valuable time in the under- 
graduate schedule which could and should be used in 
broadening the students’ basic education. He claimed 
that it was much easier to train a student in a special- 
ized graduate field who already had a thorough back- 
ground in the liberal arts and that such a student made 
a better research scientist. 


SECTIONAL MEETINGS 


The Northern California Section of the PSACT held 
its Spring Meeting at the San Mateo Junior College, 
The program consisted of a stimulating panel discussion 
on “The problems of the transfer student.’’ J. Cason, 
University of California, represented the viewpoint of 
the large university in his discussion of the causes of 
discouragement and failure of some transfer students in 
chemistry. G. W. Cavin, San Jose State College, ex- 
plained the new plan for coordinating the work of the 
junior colleges in chemistry with the course of study at 
the University of California, while H. Benninghoff, 
City College of San Francisco, touched on the broader 
aspects of the college responsibility and problems. 

The following officers were elected for the year 1951- 
52 for the Northern California Section: 


Chairman: Harry Redeker, San Mateo Junior College. 

Chairman-Elect: Howard Benninghoff, City College of San Fran- 
cisco. 

Secretary: Florence Haimes, San Francisco State College. 

Treasurer: 8. W. Morse, San Francisco State College. 


The Southern California Section of the PSACT con- 
bined its first spring meeting with an interesting field 
trip. On March 10, 1951, the group met in an audi- 
torium in the Los Angeles County Hospital for an illus- 
trated lecture on “Plasma proteins in disease’’ by Dr. 
John Mehl, Chairman of the Biochemistry Department 
in the School of Medicine of the University of Southern 
California. Following the lecture, Dr. Arnold Ware, 
Head Chemist at the Los Angeles County Hospital, 
explained the type of tremendous volume of work done 
each day in the hospital’s chemistry laboratories. Dr. 
Ware and his assistants then took the PSACT members 
and guests through the laboratories, one of which con- 
tained an electrophoresis apparatus built by Dr. Mehl 
for research on changes of plasma proteins under path- 
ological conditions. 

On April 28, 1951, the Southern California Section of 
the PSACT participated in the Pacific Southwest 
Regional Meeting of the American Chemical Society by 
arranging and sponsoring one of the three sections of 
the program. Mr. Robert Harper, Chairman of the 
Southern California Section, Los Angeles City College, 
presided at the morning session and Dr. Harper W. 
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Frantz, Treasurer, Pasadena City College, presided at 
the afternoon session of the educational division pro- 
gram, which was planned by Mr. Philip Gill, Chairman- 
Elect, Glendale City College. The program included 
the following series of papers: 


“The rare earth elements” by Bernard Love, Research Chemi- 


cals, Inc. 

“Microcards for the chemistry library” by Sister Agnes Ann, Im- 
maculate Heart College. 

“Microanalysis: its powers and limitations” by A. J. Haagen- 
Smit, California Institute of Technology. 

“Modern theories of adhesion and its measurements” by L. 
Reed Brantley, Occidental College. 

“Recent advances in water analysis’”’ by Eugene M. Diskant, Los 
Angeles Department of Water and Power. 


The last meeting of the school year for the Southern 
California Section of the PSACT was held Friday eve- 
ning, May 25, 1951, at Occidental College. The guest 
speaker, Elbert Davis, President of Plas-Kem Corpora- 
tion, gave an illustrated lecture on ‘Recent advances in 
vinyl plastics.’ In the demonstration, Mr. Davis 
made and molded plastics and displayed over a hundred 
objects illustrating the commercial uses of typical 
plastics. 

The officers, elected by a mail ballot for the coming 
year of 1951-52, were installed. Taking office were: 


Chairman: Philip Gill, Glendale City College. 
Chairman-Elect: Frank L. Lambert, Occidental College. 
Secretary: Sister Agnes Ann, Immaculate Heart College. 
Treasurer: Harper W. Frantz, Pasadena City College. 


NEW MEMBERS 


Since the publication of the membership last year! 
the following names have been added to the roll: 


Northern California Section (March 15th report) 
Mother Helen Hammack, Sacred Heart, Menlo Park 
Mildred Johnson, San Francisco College for Women 
Mother Janet Kubitschek, Sacred Heart, Menlo Park 
Norman L. Lofgren, Chico State College 
Sister M. Monica, College of Notre Dame, Belmont 
Harry S. Mosher, Stanford University 
Lowell H. Rankin, San Mateo Junior College 
Ned Reed, San Francisco City College 
Mother Agnes Schmit, San Francisco College for Women 
J. Rae Schwenk, Sacramento Junior College 
D. L. Shaw, San Francisco City College 
Adelaide C. Sylva, Lux College, San Francisco 
Sister M. Theresa, College of Notre Dame, Belmont 


Southern California Section (June 15th report) 
Imo P. Baughman, Los Angeles City College 
Leslie E. Blackman, Chapman College 
Dorothy Craig, Marlborough School for Girls 
Sister M. Eugenia, Immaculate Heart College 
Robert R. Gates, Fullerton Junior College 
Hattie Hoenshall, Bakersfield College 
Lowell B. Hulsebus, Bakersfield College 
Lloyd N. Magnusson, Excelsior High School 
Don E. Rees, California Polytechnic, San Dimas 
H. R. Sheldon, La Sierra College, Arlington 
Cornelius Steelink, Orange Coast College 
John W. Sutton, Santa Barbara College, U. C. 
Ernest H. Swift, California Institute of Technology 
Harold W. Woodrow, University of Redlands 


1 See J. Cuem. Epuc., 27, 576, 690 (1950). 


<> 


Tar accompanying photographs, sent in by Frank Z. 
Pollara of Siena College, Loudonville, New York, are 
of orbital models which he made for his class in general 
chemistry using ordinary rubber balloons. They were 
inspired by C. R. Noller’s article “A physical picture of 


An sp*® Atomic Orbital 


covalent bonding and resonance in organic chemistry” 
in the September, 1950 issue of Tu1s JouRNAL. 


The Two Molecular Orbitals in the Water Molecule 
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Waar is it that we teach? Chemistry, presumably. 
And what is that? A science. And a science is an 
organized body of knowledge. Not just any organized 
body of knowledge (such as, for example, the law) but 
an organized body of knowledge obtained by the sci- 
entific method—and here I invite any chemist to give 
his own definition of “scientific method,” for I am not 
going to define it, but will rest content with the fact 
that all definitions of the scientific method have, at 
any rate, a great deal in common. 

But what are we teaching, the knowledge, or the 
method? The two are by no means the same, and we 
could teach the method, or we could teach the knowl- 
edge obtained by that method. These are the horns, 
and it should be noted that it is necessary to progress 
fairly far along both horns, for to teach a method with- 
out knowledge is meaningless, and to teach facts with- 
out scientific method is to make science indeed a Sacred 
Cow. 

When I look at a course in chemistry, or a textbook, 
I get the impression that it consists almost exclusively 
of facts—of various bits of the knowledge that has 
been obtained by the scientific method. But as for this 
method itself—well I invariably find a little pep talk 
about it in Chapter I, or else in the introduction, but 
that’s about all. The main content is always facts, 
facts, facts. 

When I turn to the purposes for which a course in 
chemistry is taught I find a rather curious situation. 
A course in chemistry may be either for chemists, or 
else for nonchemists, for whom chemistry is to be only 
a part of their general education. Now, one would 
naturally suppose ‘that the chemistry majors, the 
specialists who intend,to be professional scientists and 
are going to use chemistry in their life work, would need 
very careful training in the scientific method, whereas 
this would not be so necessary for the liberal arts stu- 


1 Presented at the 13th Summer Conference of the New Eng- 
land Association of Chemistry Teachers, University of Rhode 
Island, August 23, 1951. 


ON THE HORNS OF THE SACRED COW’ 


ANTHONY STANDEN 
The Interscience Encyclopedia, Brooklyn, New York 


dents. They are not going to be scientists, and one 


might suppose that they would not have much need for J 


the scientific method. They are not going to be e- 
gineers, and they certainly will not receive much train 
ing in the engineering method, neither is it considered 
necessary to train them in the “legal method”’ (if there 
is such a thing) or in any of half a dozen other ‘‘methods’ 
that one might name. This might be one’s off-hand 
judgment, that the professional scientists would need 
to know the scientific method, whereas the other 
would not. 

But it is quite otherwise. Any apologist for chem- 
istry as part of the curriculum of liberal arts students 
always stresses the importance for these people of some 
aquaintance, even if a very nodding one, with the 
scientific method, whereas anyone engaged in the 
training of professional chemists is compelled to teach 
them facts in such enormous profusion that the amount 
of attention devoted to scientific method, as such, 
drops, percentage-wise at any rate, to a very low level. 

One can look at the matter in another way and ob- 
tain the same result. What do chemists do after they 
graduate? Apart from the percentage who, after 
majoring in chemistry, go off into some other line d 
work, those who remain in the field—what do they do’ 
Some of them go into the plant and become plant 
chemists, perhaps even chemical engineers. Some 
them go into the sales department, and rise to be vite 
presidents. Some of them go into advertising, 
publicity, or other forms of work that can be done ata 
desk. Very many of the graduates will be found, 
twenty years later, not to have been inside a laboratory 
for twenty years. And yet they are still practicing 
chemistry, inasmuch as their work depends on a know: 
edge of chemistry. Note that it depends upon a know 
edge of facts. It does not depend upon a knowledge 
of the scientific method, nor on any ability to practit 
it, and I suggest that many of these people know nothing 
of the scientific method except what they learned by 
hearsay in their early college days. 
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On the other hand the nonchemists learned far fewer 
facts in their college chemistry course, and they forget 
a higher percentage of these facts sooner, so that unless 
they are taught a little about the scientific method 
what on earth does remain when they are twenty years 
out of college? 

A similar conclusion results from yet another ap- 
proach. Why do we make laboratory work a part of 
the chemistry course? I am not asking whether we 
should make laboratory work a part of the course, be- 
cause the answer to that question is an unqualified yes. 
lam asking for detailed consideration of exactly what 
itis that we are trying to achieve in the laboratory work. 

First, let it be noted that we are not giving laboratory 
exercises in order that the students shall have the ability 
todo laboratory work. Only a small proportion of the 
students will continue to do laboratory work for more 
than a short while after they finish their training, and 
the insistence with which we give laboratory work to 
everybody shows that we must have some idea in our 
minds other than training all to be laboratory operators 
on the off chance that just a few of them will actually 
use this ability. 

The easy answer to the question, ““Why do we insist 
so much on laboratory work”’ is ‘““To give some practice 
in the scientific method—of course.” I think that this 
isa loose and ill-thought out answer. Does laboratory 
work actually teach scientific method, or have any 
close relation to it? Yes and no. It all depends on 
what you really mean by the scientific method. And now 
I find that I do have to define that method, or at least 
clarify its several meanings, after all. I will do it by 
the method of induction, taking several particular 
cases, seeing where they fall, and then seeing if we can 
arrive at a generalization about what is and what is not 
scientific method. 

First of all, I would like to say that I do not think 
that determining a melting point can be called an ex- 
ample of the scientific method. It is an example of 
the use of a thermometer, of a Bunsen burner and a 
melting point tube, and it is a good example of the 
necessity of accurate observation. But that’s about 
all. For, according to any definition, the scientific 
method comprises not only accurate observation, with 
measurement, but also the forming of hypotheses and 
the testing of the hypotheses by further experiment. 
But does the determination of a melting point involve 
the testing of a hypothesis? Again, the evasive answer, 
yes and no. 

Before pursuing this elusive scientific method any 
further, I would like to say something about why we 
insist so strongly on students actually carrying out 
laboratory experiments. It may well be that my pres- 
ent train of thought will lead me to conclude that 
hardly any of the regular work of a teaching laboratory 
8 scientific, but, even if this melancholy conclusion 
should be reached, I would like to make it clear that the 
case for having students work in the laboratory, manip- 
ulating the apparatus themselves, is not in any jeop- 
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ardy. We have a cast-iron water-tight case for in- 
sisting on laboratory work, whether it is scientific or 
not. 

The object of laboratory work, I suggest, is to permit 
students to know what we are talking about. Without 
actual work in the laboratory, the most amazing mis- 
understandings are possible. All of you teachers must 
have seen innumerable examples of this, but for amuse- 
ment I will tell a story from my own experience. In 
England, Imperial Chemical Industries, Ltd., for whom 
I worked, had the idea that the bright young men, 
nonchemists, in the London office, could profit from 
brief trips to the manufacturing plants where the chem- 
icals that they dealt with were actually made. In my 
branch of the great combine we were not allowed to 
take these young men into the plants, because we were 
bound to the utmost secrecy even within the company 
by what was known as the “Solvay agreement.” I 
had to tell one of the young men how sodium cyanide 
was made. I explained how sodium, charcoal, and 
ammonia were all heated together in a pot. I don’t 
known what kind of a pot the young man had in mind, 
but I’m sure he thought we put in the ammonia with a 
spoon. ‘What does cyanide look like?’ he asked, and 
I told him it looked rather like sugar. “TI see,’’ he 
said, and wrote down in his note book ‘“‘brown sugar.” 
I hadn’t said “brown” and I meant white sugar—but 
he had a knack for getting things wrong. 

The young man was then handed over to a chemist 
from the sodium plant, to find out where the sodium 
came from. The chemist explained how electrolysis 
of sodium hydroxide gave oxygen at the anode, and 
both sodium and hydrogen at the cathode. The young 
man then asked an intelligent question: “How do you 
separate the sodium from the hydrogen?’ But the 
chemist from the sodium plant had little sympathy 
with ignorance, which he mistook for stupidity; he 
pulled a very long face and said “Ah! That’s covered 
by the Solvay agreement.” 

If you don’t know what sodium and hydrogen look 
like, then it is a sensible question to ask how they are 
separated. And what does hydrogen look like? One 
can’t see it. One can only see the glass apparatus, and 
the mercury or water that is used for confining it. If 
beginning students don’t handle apparatus themselves, 
or at least see someone else do demonstration experi- 
ments with gases, they are apt to be totally confused as 
to what a gas is. 

This particular misunderstanding, of not knowing 
what a gas is, or what water is like when it boils, is for 
elementary students. But even for more advanced 
students laboratory work must be carried out for similar 
reasons. Without doing a steam distillation, there can 
be an abject misunderstanding of what “steam distilla- 
tion’’ means. Quite an advanced student might easily 
say, “Beilstein gives the melting point of this substance 
as 5.4°C., but the author of a paper I am reading says 
he got 5.5 as the melting point, so they can’t be talking 
about the same thing.’ A very little experience with 
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melting point determinations below room temperature 
would show him how easy it is to be wrong by one-tenth 
of adegree. The same student might say, ‘One author 
has a gas of refractive index 1.00000132, while the 
other’s is 1.0000073, there’s hardly any difference be- 
tween the two.” If he had any practical aquaintance 
with the property in question, he would realize that the 
first digit is not significant, and the two gases really 
differ widely in refractive index. 

I suggest that this is the true reason why we all feel 
that laboratory work is absolutely necessary. It is 
simply so that the students will know what chemistry 
is about. I can imagine a student, brought up on the 
Br¢gnsted presentation of acids and bases, wanting to 
acidify a solution and looking around for a reagent 
bottle labeled H;O+. I am reminded of a member of 
the I.C.I. purchasing department, who is said to have 
designed a 2-lb. package by taking each of the dimen- 
sions of a rectangular 1-lb. package and doubling them— 
getting an 8-lb. package; and of another who ordered 
a gross of acid eggs. Even quite advanced students 
must have actual experience of the things they are 
talking about, or they will make the most hopeless 
mistakes. 

But is all this science? Is determining a melting 
point to be distinguished from a thousand empirical 
determinations that everybody, scientist or nonscientist, 
makes every day of his life, things of the order of: 
“Is this ruler too long to go into this box? Try it and 
see.’’ 

If the test is that science depends upon making 
hypotheses and confirming them by experiment, then 
we have to be careful what we mean by hypothesis. 
To measure a table is not to make the hypothesis that 
it is four feet long, then that it is five feet long, and then 
six and so on until we get it right. If hypothesis means 
that kind of thing, then the term is far too broad, be- 
cause almost anything is a hypothesis. We have to 
restrict the meaning of this term, or we will get a mean- 
ingless definition. 

As a way of restricting the meaning of hypothesis so 
that it does not blow up in our faces, I suggest remem- 
bering that science is supposed to deal with generalities. 
It is not science to measure the length of this table, the 
height of this chair. There must be an element of 
generality, so that when a measurement is made, the 
result is a constant of nature, something that is the 
same for everybody, and stays put for all time. If 
a new compound is made, and if it is found to have a 
melting point of 22.2°C., this has some generality, for 
the same compound is always the same compound, and 
the melting point is a constant of nature. Therefore 
this is an example of the scientific method, at any rate 
in one sense, although this is probably the lowest of 
senses. 

What about a determination in qualitative analysis? 
If we determine that this solution contains zinc ion, 
have we used the scientific method? Certainly not in 
the same sense as before. There is nothing general 
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about this solution, it is a specific one. It is merey 
“solution A” in the course at this particular institutiq 
of learning. It is not the same for everybody andj 
not a constant of nature. I conclude, perhaps som, 
what severely, that practical work in qualitative analy. 
sis is not an example of the scientific method. | 
corresponds to measuring the length of this table, with 
only the difference that the operation of measuring ; 
table is exceedingly simple, whereas the operation ¢ 
testing for zinc ion depends, for anything like a fy 
understanding, upon a considerable amount of know. 
edge which was originally determined by other people 
by the use of genuine scientific method. 

What about quantitative analysis? One of the 
distinguishing marks of any science is that, whereye; 
possible, it makes quantitative determinations. I am 
afraid I cannot allow that this quantitative aspect i: 
enough to make a determination in “quant’’ an e- 
ample of scientific method. For what if a student doe 
determine the percentage of copper in this piece of 
brass? This is singular, and has no generality at 
all. Quantitative analysis is more time consuming, and 
somewhat more difficult than qualitative, but in genenl 
it depends upon less knowledge of scientific principles 
The phrase “dry to constant weight’’ implies many 
hours of tedious work, of a sort which is not rewarding 
in terms of any appreciable increased scientific under- 
standing. What quantitative analysis does contribute 
is actual experience in the fundamentals of chemistry 
and in one of the most important components of almost 
all scientific work, namely accurate quantitative deter 
minations. But although science depends upon a 
curate measurements, the scientific method is not ae- 
curate measurement. A house is not its foundations. 
One, but only one, of the components of the scientific 
method is accurate observation, preferably quantita 
tive. The essence of the scientific method (that is to 
say, the most characteristic, the most scientific thing 
about it) is the framing and testing of hypotheses. 
Experiments in quantitative analysis only participate 
in the essence of the scientific method in that very lin- 
ited way in which almost anything does. ‘‘Determine 


the percentage of copper in this piece of brass” is 
scarcely more scientific than “count the number d 
beans in this bag.”’ 

Where is science then? So far we have looked at 
quite a lot of chemistry, or at least covered a fair amount 
of ground in terms of chemistry courses, without meet 
ing more than a fleeting glimpse of the scientific method. 

I would like now to turn and approach this matte! 
from a different direction, from the direction of mathe 
matics. Mathematics is undoubtedly a science. Iti® 
also an exact science, although it is not an experiment! 
science. In teaching mathematics, do we teach the 
scientific method? I think that most theoreticians 
teaching would say that we do not. For the scientifi 
method is usually thought of as the method of increast 
the amount of scientific knowledge. But we do 2 
teach mathematics for the purpose of teaching the st! 
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dents the method of increasing mathematical knowl- 
edge: only for a few extreme specialists do we do 
that. We teach mathematics simply as knowledge and 
as science. Mathematical knowledge is increased, 
presumably, by scratching the head, tearing the hair, 
and worrying until a new idea comes. So is chemical 
knowledge, for that matter. And yet we cannot teach 
students to worry for an idea! One only learns that by 
actually doing it. 

Let us follow the mathematician, after he has passed 
the head-scratching stage, and see what he does. Once 
he has his idea, he takes large quantities of paper and 
scribbles all over it. He writes down symbols for the 
thoughts in his mind. What he deals with is not, 
strictly speaking, the symbols, they are only to help 
him (at a pinch, he could do his work without them), but 
the ideas that the symbols symbolize. What he does 
is to produce a train of thought, and this train of 
thought is characterized by certainty and by rigzdity, 
for at all points the conclusion follows necessarily from 
the premises, and only one conclusion follows. It is 
in view of this characteristic of mathematics that we 
call it a science. 

Now experimental sciences differ from mathematics 
in this respect, that, being experimental, they can 
never lead to complete certainty. There is always a 
minute probability of error. But experimental in- 
vestigations may, or may not, approach mathematics in 
their use of logical trains of thought, of more or less 
rigidity. I suggest that this characteristic, in addition 
to generality, gives another criterion by which we may 
judge whether any particular aspect of chemistry is 
scientific or not. Does it involve a logical train of 
thought? If it does, then it is already to that extent 
scientific. If it does not, then it fails, in this respect 
at least, of being scientific in the fullest sense. 

Now let us look at some operations in the chemical 
laboratory and see whether they are scientific or not. 
The determination of a melting point has some degree of 
generality (although not very much) and it is scientific 
on that score, but it involves no logical train of thought 
worth calling such. What if we make a long investiga- 
tionfor determining the structure of a new organicchemi- 
cal, say a new antibiotic? Here we must use a train of 
thought of considerable length. The investigation has 
some generality, and requires considerable logical 
thought. Suppose now that someone thinks of a new 
theory of organic chemistry, for example some new con- 
nection between structure and reactions. Such a 
theory is highly scientific, for it combines logical thought 
with great generality. And so work in chemistry can 
be at any level, from highly scientific to work in which 
there is scarcely more than a trace of the much-adver- 
tised scientific method. 

To come back to the question, ““‘What do students do 
in the laboratory?” I think it must be concluded that 
any laboratory course work contains precious little 
scientific method, (and this goes, of course, not only for 
chemistry but for any other experimental science as 
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well). A brilliant research student may perhaps do a 
structure determination on an unknown compound, 
but he will be the only one in the laboratory doing any- 
thing at all scientific. The same student, later in his 
professional career, may perhaps develop such a thing 
as a new theory of resonance, or a new application of 
atomic structure theory to chemistry. When he does 
this, his work will be truly scientific, and in the fullest 
sense, but it may be noted that he will do this work not 
in the laboratory, but while sitting at his desk, with 
reference books at hand. 

And so, what are we to do when we teach chemistry? 
We all agree that the scientific method is really more 
important than the facts, and I, at least, conclude that 
laboratory work doesn’t help in the least in teaching it. 
And yet some idea of the scientific method has to be 
taught somehow. What are we to do about it? 

Let us go back, for a moment, to the mathematician, 
whose science is easier because it is not an experimental 
science. The mathematics students are not, except for 
a few specialists, being taught the method of increasing 
mathematical knowledge. And yet they are scientists 
for all that. If they know any particular mathematical 
fact, they know also how to prove it. They can deduce 
the fact by a logical train from the starting point, which 
is a set of axioms or postulates. Our experimental 
science is different in that we are not allowed to postu- 
late that results of experi.cnts are this way, or that way, 
we have to take whatever results the experiments give. 
Our theories are scientific in so far as they are general, 
and are deducible by trains of thought, not from postu- 
lates but from experiments. The experiments are a 
necessary condition for an experimental science, and 
for this reason we get students to do experiments, but 
experiments do not by themselves constitute a science. 
Reasoning is also required. It should also be required 
of students. There should be required reasoning, as 
well as required reading. Facts must be known, par- 
ticularly by the chemistry specialists, but the facts are 
only scientific if they are supported, via a train of rea- 
soning, by experiments. This I suggest, is what we are 


‘to teach if we are really to teach the scientific method. 


We should teach the theory arrived at—we might con- 
sider, for example, the electronic theory of valence—and 
we should also teach the experiments on which the 
theory is based, and then make sure that the students 
really understand the logical connection between the 
two. Students should know why we believe in elec- 
trons, and why we believe in valence, and these ‘‘why’s’’ 
are by no means so easy to answer as they appear. 
Students should be encouraged to fight back and try 
not to believe in our theories, for we only see the conclu- 
sive force of a train of argument by trying to deny it. 

If we can get students who dre well stocked with 
chemical facts, and who can also give a cogent argument 
for believing in the existence of atoms, or for the theory 
of electronic resonance, then I think we could claim to 
have progressed a satisfactory distance along both 
horns. Then our science is no longer a Sacred Cow. 
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e MEDICINAL CHEMISTRY. VOLUME I 


C. M. Suter, Editor-in-Chief. John Wiley & Sons, Inc., New 
York, 1951. vii 473 pp. 8figs. 2lltables. 15.5 K 24cm. 
$10. 


Tuis book is the first of a projected series encompassing reviews 
of topics in medicinal chemistry. The series came into being 
through the efforts and under the sponsorship of the Division of 
Medicinal Chemistry of the American Chemical Society. The 
authors and editor of the present volume are all members of in- 
dustrial research organizations. 

Such a publication can fill a valuable place in the literature of 
the field. In view of the enormous amount of published informa- 
tion, authoritative, critical reviews of single subjects are invalu- 
able. To be of such value a review must meet certain tests as to 
its adequacy. These tests are discussed below and the volume is 
then judged with respect to them. 

To be useful a review should give not only a brief history of the 
field but also the stimulus for the investigations reviewed. Sec- 
ond, the review should state specifically what literature was sur- 
veyed, the inclusive dates of the survey, and the topics surveyed. 
Third, reference to theories ot the mechanism by which a drug 
performs its function is necessary to permit an examination of the 
hypotheses which have been tested by the structural changes in- 
vestigated. Fourth, a critical discussion of the rationale, repro- 
ducibility, and relative merit of the tests used for preliminary 
evaluation of medicinal chemicals is essential. Fifth, the com- 
pounds or substances discussed should be organized by structure 
or some other common denominator. It would be preferable to 
have the tables of this organized data presented before or with 
their discussion for ease of understanding, but practical pub- 
lishing policy seems to favor grouping the tables at the end. Fin- 
ally, any generalities should be clearly stated, and it would be 
most helpful to have a statement on unsolved problems or short- 
comings of the approach as revealed during the preparation of the 
review. 

It is obvious that some of the above criteria are the province of 
the individual author and that others should fall to the editor. 
Standards of form, of presentation, and of indexing are certainly 
the responsibility of the latter, while the remainder falls on the 
shoulders of the individual author. 

G. W. Anderson’s review, “Antithyroid compounds,” is excel- 
lent in most of the above respects. Extreme pains have been 
taken in the internal arrangement of the tables and in the discus- 
sion and presentation of the data as to method of assay and rela- 
tive merit. Wherever possible, the compounds have been re- 
ferred to a common standard. However, it would be desirable to 
have the unsolved problems, such as that of the variation of rela- 
tive activity from rat to man in the thiouracil series (page 27), 
given a more prominent position. 

R. R. Burtner’s review, “Antispasmodics. Derivatives of 
carboxylic acids,” is difficult reading in several respects. There is 
no statement as to the fields of usefulness of such compounds. 
The concluding date of the literature survey is given but the 
topics and literature surveyed are not specified. There is no 
discussion of or reference to possible modes of action of the com- 
pounds. The author states that it was not possible to arrange the 
compounds in tables structurally because of the differences in 
methods of reporting activities, but the very brief discussion of the 
screening tests only points out that standard drugs are omitted 
from many tests, making comparisons difficult. This decision of 
the author has led to the presentation of the compounds reviewed 
in tables arranged largely by original papers. The discussion of 
the tables is hampered by the fact that the compounds within a 
table are not numbered, making specific points difficult to cite. A 
reference to earlier reviews and to available pharmacological 
treatises on the subject would have been helpful to the reader. 
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C. J. Cavallito’s review, ‘Antibiotics from plants,” deals with, 
field that has not yet achieved the practical development of the 
subjects of the companion reviews. The subject is covered ing 
stimulating way, with extensive discussion of the types of com. 
pounds responsible for the actions found and of the mechanism, 
involved in these. In discussing agents of possible antibacterial 
value from plant sources the development of the antipneumocoe. 
cal agent, hydroxyethylapocupreine, from the cinchona alkaloids 
is surprisingly not mentioned. The author might also have added 
a reference to Mcilwain’s interesting speculations on the role of 
antibiotics in plants (Nature, 153, 300 (1944)) to his section on 
the subject. The material that is discussed in the review (pages 
255-261) under the heading ‘‘Crude preparations and screening” 
is also covered in the tables and one feels that it is unnecessary to 
have it in both places. 

T. P. Carney’s review, “‘Benzoates and substituted benzoates as 
local anesthetics,” deals with a classical field of medicinal chem- 
istry without, however, giving the date of termination of his litera- 
ture search or the precise method of making it. An extensive 
discussion of the testing methods is given without references to 
possible mechanisms of action. It would have been desirable to 
have a brief indication of the relative merits of the many test 
methods. The discussion of the well organized tabular material 
leads to the conclusion that the relation of structure to activity is 
still tentative. It is disappointing not to find reference to other 
reviews in the field. 

E. J. Fellows and G. E. Ullyot have reviewed ‘Analgesics; 
aralkylamines,’”’ They have defined the field of structures which 
are being reviewed without giving the dates or the means by which 
they have been searched. Certain definite conclusions are drawn 
as to the relation of structure and activity of the majority of com- 
pounds covered. It is difficult to follow the discussion of the 
tabular material since the compounds reported in the tables are 
identified by arbitrary code numbers which are not in numerical 
order. Thus, Code No. 299 appears on the first page of Table 21 
and No. 157 on its fifth page. It is a poor arrangement. Again 
no reference to mode of action or mechanism is made. 

The concluding review is that of John Lee on “‘Analgesics: B. 
Partial structures related to morphine.’’ This review has the 
virtue of being the most coherent in the book but this has been 
achieved by confining the work largely to results on compounds 
from the author’s laboratory without placing this work in relation 
to the other extensive investigations on partial structures related 
tomorphine. This review is more clearly presented than its com- 
panions, as the tabular material appears continuously throughout 
the text. However, the objectionable use of arbitrary code num- 
bers in the tables is present. In addition, only the compounds 
from the author’s laboratory are tabulated and it is not clear as to 
what part of the literature is covered. The conclusions as to the 
effect of structure on activity point out the lack of a satisfactory 
generality. 

It is one of the objects of this publication to provide “correla- 
tion of structure and (biological) activity” and to present “dis 
cussions of the relationships between chemical structure and 
pharmacological action.” Throughout the work there is caution 
on the part of the various authors in drawing such conclusions. 
It seems unfortunate, in view of this, that only two of the authors 
have inquired beyond the pictorial representation of the com- 
pounds studied as to what property or properties of the compounds 
influence the biological activity. Anderson and Cavallito discuss 
this phase of their topics. None of the other authors has ex 
pressed the fact that possibly something besides the structural 
formulae of the compounds might be responsible for their diffi- 
culties of interpretation. It would seem that it is time to recog 
nize that structure and activity are only secondarily related; that 
both have a great deal to do with the properties of the compounds 
concerned but only indirectly do they deal with each other. That 


612 


bd 


| 
y 
| indefi 
respo 
Phys 
Edit 
i 
Sidn 
feren 
held 
mati 
7 
Ene 
Ene! 
Res 
ing 
cuss 
whi 
Sa 
Pp. 
the 


als with 
nt of the 
ered ing 
of com. 
chanisme 
bacterial 
alkaloids 
ve added 
Tole of 
ection on 
W (pages 
Teening” 
essary to 


ZOates as 
al chem- 
1is litera- 
-xtensive 
rences to 
‘irable to 
any test 
material 
ctivity is 
to other 


al gesics: 
es which 
by which 
re drawn 
of com- 
n of the 
ibles are 
umerical 
Table 21 

Again 


ics: B. 
has the 
1as been 
npounds 
relation 
3 related 
its com- 
oughout 
de num- 
npounds 
par as to 
1s to the 
sfactory 


‘correla- 
nt “dis. 
ure and 
caution 
sJusions. 
authors 
he com- 
rpounds 
discuss 
has ex- 
ructural 
oir diffi- 
recog- 
d; that 
1pounds 
That 


NOVEMBER, 1951 


this is not explicitly stated is disappointing in reviews of this ex- 
pected quality. aa 

The index to the volume seems satisfactory in its reference to 
types of compounds and in view of the detailed nature of the 
tables of contents of the reviews and arrangement of the tabular 
material. 

Within the above limits the publication is a good, if in places 
indefinite, reference work. A good deal of the indefiniteness is the 
responsibility of the editor. The publication is well prepared 
physically and typographical errors are few. 

JACKSON P. ENGLISH 
AwerrcaAN CYANAMID COMPANY 
SraMFoRD, CONNECTICUT 


INDUSTRIAL AND SAFETY PROBLEMS OF NUCLEAR 
TECHNOLOGY 


Edited by Morris H. Shamos, Assistant Professor of Physics, and 
Sidney G. Roth, Assistant Professor of Mathematics, New York 
University. Harper and Brothers, New York, 1950. xiii + 368 
pp. 5SOfigs. 12tables. 14 X 215cm. $4. 


Tuis book consists of a collection of papers presented at. a Con- 
ference on Industrial and Safety Problems of Nuclear Technology 
held at New York University in January, 1950. As stated in the 
preface, “It is hoped that this volume will help to fill an urgent 
need by presenting in a single source certain fundamental infor- 
mation which is felt to be of particular importance to industry.” 

The book is divided into four main sections. In Part I the 
organization, operation, plans, and programs of the U. 8. Atomic 
Energy Commission are discussed. Explanations of the con- 
tract and patent policies of the Commission are presented in some 
detail. 

Part II deals with the properties and uses of radioactive mate- 
rials, Both the present and the potential uses of radioisotopesi n 
all fields of research and industry are described and illustrated. 
Readers who are not familiar with the wide variety of uses of 
radioisotopes may find in these papers the mention of a use which 
would be helpful in their own research. 

The problems of designing laboratories for handling radioactive 
materials and the techniques appropriate for conducting experi- 
ments in such laboratories are considered in Part III. Specific 
recommendations for laboratory design and useful data for shield- 
ing calculations, etc., are given. 

Part IV deals with the hazards, safety problems, and the in- 
surance aspects of nuclear technology. In the authoritative dis- 
cussion of health protection and hazards may be found advice 
which should be of value particularly for users of radioisotopes 
who do not have direct assistance from a ‘‘Health Physics’’ staff 
within their organization. The reasons behind the recommended 
safety procedures are properly emphasized. 

Two panel discussions which were transcribed from the Con- 
ference are included in the appendix. 

Users and potential users of radioisotopes will find the answers 
to many of their questions in this book. 


HERBERT M. CLARK 
RensseLaer INstITUTE 
Troy, New 


6 THE NEW PHYSICS: TALKS ON ASPECTS OF 
SCIENCE 


Sir C. V. Raman. Philosophical Library, New York, 1951. 
pp. 14X 21cm. $3.75. 


144 


Tus set of 19 lectures is written for the layman rather than for 
the scientist. The lectures were originally used as radio talks in 
India and it is evident that radio science programs in India have 
this in common with those in America, that they tend to be in- 
formative rather than instructive, to exhibit the ramifications of 
Science, and to convince the layman of the importance of scien- 
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tific work, rather than to show in any particular instance how the 
scientist works. It would appear that Professor Raman has 
written for an audience somewhat more mature intellectually than 
the American radio audience when he tells his listeners that the 
proposition “that every non-centro-symmetric crystal is piezo- 
electric or pyro-electric is not necessarily true,” or refers to 
‘Doppler displacements,” or to representing a variable “in a 
diagram on a logarithmic scale.” 

The author is Professor of Physics at the University of Calcutta, 
discoverer of the Raman effect—for which he received the Nobel 
Prize in 1930—founder of the Indian Academy of Sciences, and 
cofounder of the Indian Journal of physics. The nature of the 
topics discussed is a testimony to the variety of his interests. 
Among the subjects of the lectures are shellfish, geometry in 
nature, the soil, water, weather, lightning, crystal structure, 
cosmic rays, and a review of G. W. Morey’s book, ‘“The Proper- 
ties’ of Glass.” 

The style is lucid, nonmathematical, and about what one 
might expect a physicist to say in an after-dinner conversation 
with a group of, perhaps, lawyers, merchants, and government 
officals. It is admittedly a difficult task for the expert to explain 
his specialty to the layman and to convey an idea of why the ex- 
pert is so enthusiastic about his work. Professor Raman has 
accomplished this aim. The price, however, seems high for a 
144-page nontechnical book. 


WALTER B. KEIGHTON 
SwARTHMORE COLLEGE 
SwARTHMORE, PENNSYLVANIA 


= TREATISE ON POWDER METALLURGY. VOLUME 
II: APPLIED AND PHYSICAL POWDER METAL- 
LURGY 


Claus G. Goetzel, Vice-President and Director of Research, 
Sintercast Corporation of America, New York. Interscience 
Publishers, Inc., New York, 1950. xviii + 910 pp. 628 figs. 
285 tables. 15.5 X 23.5cm. $18. 


AccorpDING to the subtitles, Volume I [reviewed J. Cuem. 
Epuc., 26, 623 (1949)] of this encyclopedic treatment of the field 
of powder metallurgy dealt with the “technology of metal 
powders and their products.” Little information was given on 
the physical and mechanical properties of sintered materials. 
Part 1 of the present second volume of the treatise discusses the 
field of applied powder metallurgy and the properties of industrial 
materials and products; and Part 2 is concerned with physical 
powder metallurgy and a practical evaluation and a theoretical 
analysis of the materials, products, and processes. The third, and 
final, volume will cover the technical and patent literature of the 
field of powder metallurgy in the form of a classified and anno- 
tated bibliography. It is an awe-inspiring task that the author 
has set for himself and the warm reception accorded the first 
volume must have been very gratifying to him and to the pub- 
lishers. Volume II comes up to the high expectations engendered 
by a study of Volume I. 

Besides the practical aspects of powder metallurgy, Volume II 
presents in Chapter 35 a 62-page summary of the various ideas of 
atomic behavior that have been advanced to account for the 
phenomenon of sintering. This section will be of particular in- 
terest to physical chemists who are concerned with interatomic 
forces, surface tensions of solids, lattice vacancies, and plastic 
flow, all of which bear upon the new science of the “physics of the 
solid state.’’ Instead of presenting a statement of his own beliefs, 
Dr. Goetzel has been content to present a composite summary of 
several separate attempts to explain sintering, though he states 
his preference for the more conservative concepts. He finds 
(on page 835) that ‘one of the chief causes for the slow develop- 
ment of a science of powder metallurgy lies in the fact that the 
experimental evidence is in many respects extremely scarce; in 
other instances, where abundant, the results constitute data of 
interest only for specific applications and often are insufficiently 
organized for scientific research and theoretical conclusions. . .any 
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satisfactory and complete theory must be capable of explaining 
all the established and uncontested facts... based on a scrutiny of 
the mass of experimental results that have been reported in the 
published literature over the last twenty-five years.” In one of 
the latest theories advanced to explain sintering, the process 
effects a lowering of the free energy of the system by nucleation, 
recrystallization, and grain growth as progressive stages, and the 
respective rates are related to the nature of the surface of the 
particles. Accordingly, particle shape and particle size distribu- 
tion have specific effects on the diffusion phenomena. Except for 
interferences caused by evolution of gases, the sintering is anal- 
ogous to fusion. But it can occur at temperatures far below the 
norma! melting point of the lowest-melting phase. 

In addition to the expected surveys of the properties of refrac- 
tory metals, cemented carbides, electrical materials, magnetic 
materials, friction products, dental alloys, and so on, considerable 
attention is given to an honest comparison of properties of powder 
metal products with those of the same materials manufactured in 
other ways. Reference is made as well to materials and processes 
that have not been adopted for either technical or economic 
causes. The treatise is very comprehensive, richly documented, 
and, so far as is humanly possible, unprejudiced. It will remain a 
monument to the amazing energy and competence of its author. 
As a result of the publication of this truly encyclopedic work, the 
art of powder metallurgy, as well as the science, will spread at an 
accelerated pace. 


LAURENCE S. FOSTER 
BELMONT, MASSACHUSETTS 


e THE AMERICAN FIAT REVIEW OF GERMAN SCIENCE 
(1939-1946). VOLUME 34: THEORETICAL ORGANIC 
CHEMISTRY 


Walter Huckel, University of Gottingen, and F. Seel. Trans- 
lated, edited, and published in cooperation with the Office of 
Technical Services, Department of Commerce, U. S. Govern- 
ment, by The O. W. Leibiger Research Laboratories, Inc., Peters- 
burg, N. Y. Lithoprinted by The M. H. Davidson Co., New Haven, 
Conn., 1951. x + 213 pp. 6 figs. 8 tables. 13.5 X 22 cm. 
$5.30. 


“Tr 1s unusual that a development report in a science comprises 
the achievements of a single country, in this case Germany. 
However, the special circumstances of the present time make this 
necessary,” for none of the research workers of Germany use the 
terminology adopted in the Anglo-Saxon countries. 

“Although other German research workers are not historically 
bound in a similar manner, they were not able to disregard the 
historical development in theoretical organic chemistry in Ger- 
many if they wished to avoid any discrepancy with other organic 
chemists not gaged to theory. May whoever reads this report as 
a non-German, therefore, have an understanding for the individ- 
uality of the representation and for the ways selected for German 
theoretical research in organic chemistry.” 

Chapter I, General Structural Chemistry and Chemical Link- 
age, deals with definitions; energetics, thermodynamics, and 
kinetics; proton mobility; tautomerism; mesomerism; bonding 
states; onium compounds, inner-complex compounds, and 
molecular linkages; and solid-solution formation and oriented 
intergrowth. 

Chapter II on Stereochemistry covers configuration, poly- 
membered rings and bridge-ring systems, molecular structure and 
rate of reaction, configuration and basicity, stereoisomerism of the 
double bond, stereoisomerism of inner-complex salts, and optical 
activity. 

Chapter III deals with free carbon radicals and biradicals, and 
Chapter IV on Reaction Processes deals with schemes for substitu- 
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tion and replacement reactions, addition reactions, and rearrange. 
ments. A bibliography concludes each chapter. 

The book contains numerous illustrative equations and pm 
sents the background for the organic research program in Ge. 
many during the past two or three decades. 

The lithoprinting and binding are both very good and this book 
should prove to be a valuable addition to the library of any 
ganic chemist. 


E. F. DEGERING 
Buckman Lasorarortss, INc. 
MeEmpuHis, TENNESSEE 


* THE AMERICAN FIAT REVIEW OF GERMAN SCIENCE 
(1939-1946). VOLUME 35: THEORETICAL ORGANIC 
CHEMISTRY, Part II 


Walter Huckel, University of G"ttingen, J. Goubeau, G. 
Schulz, and G. Scheibe. Translated, edited, and published in 
cooperation with the Office of Technical Services, Departrient 
of Commerce, U. S. Government, by The O. W. Leibiger Research 
Laboratories, Inc., Petersburg, N. Y. Lithoprinted by The M. 2 
Davidson Co., New Haven, Conn., 195]. xii + 221 pp. 4 
figs. 21 tables. 13.5 22 cm. 


“Miuirary Government of British, French, and U. S. Zones of 
Germany by means of their respective FIATs (Field Information 
Agency, Technical) present this volume of the ‘Fiat Review of 
German Science’ in the hope that it will assist in informing inter- 
national science of research done in Germany through the war 
years. It is believed that this and its companion volumes wil 
present a complete and concise account of the investigations and 
advances of a fundamental scientific nature made by German 
scientists in the fields of biology, chemistry, mathematics, medi- 
cine, physics, and sciences of the earth during the period of May, 
1939, to May, 1946. 

“For the information of the individual reader of this volume, 
the following statement must be made: The original from which 
this translation has been made, is the property of the People of 
the United States of America, placed into their hands by the com- 
bined Military Governments of the British, French, and U. 8 
Zones of Germany by means of their respective FIATs, written 
not only by one outstanding author but by many, each an expert 
in his field, and each going into such fine details in a manner, a8 
only top scientists are able to do.”’ 

Part II, a continuation of Part I, opens with Chapter V, Asso- 
ciation, Dipole Moment, and Surface Tension, which covers 
survey over the treaties; validity range for the law of mass ac 
tion; association, dipole moment, and orientation; association of 
phenols; and heterocyclic compounds. 

Chapter VI, Constitution and Physical Properties, deals with 
topics such as dipole moments, surface tension, viscosity, other 
empirical data, Kerr effect and optical anisotropy, crystalline 
fluids, and constitution and color. 

Chapter VII deals with Absorption Spectra, Chapter VIII with 
Raman Spectra, and Chapter IX with Mechanism and Kinetic 
of Polymerization Reactions, including subtopics such as intro- 
duction, test procedures, thermal polymerization of styrene and 
the excitation of radicals, peroxides as accelerators, explosive 
polymerization, inhibitors, stabilizers and regulators, and initis- 
tion of the polymerization by alkali metals and alkali-metalalkyk. 

Besides the figures and tables, this volume includes ample 
illustrative equations. A bibliography concludes each chapter. 

This is a good companion volume to Part I. 


E. F. DEGERING 
Buckman Inc. 
Mempuis, TENNESSEE 
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INTERSCIENCE publications 


Just Published! 


ADVANCES IN ENZYMOLOGY and Related Subjects of Biochemistry 
Edited by F. F. NORD, Fordham University, New York, N. Y. 
VOLUME XII: 6 x 9. 582 pages, 74 illus., 58 tables. $9.75 


PHOTOSYNTHESIS and Related Processes 


In two volumes. 
By EUGENE I. RABINOWITCH, Department of Botany, University of Illinois, Urbana, Illinois. 


Volume Il, Part 1: 6 x 9. 608 pages, 214 illus., 60 tables. $15.00 
Volume Il, Part 2: Jn preparation. 

Previously published: 
Volume I: 1945. 6 x 9. 615 pages, 63 illus., 77 tables. $9.75 


The Chemistry and Technology of FOOD AND FOOD PRODUCTS 


Second completely revised and augmented edition in three volumes. 
Edited by MORRIS B. JACOBS, Adjunct Professor of Chemical Engineering, Polytechnic 
Institute of Brooklyn, New York. 
Volume lil: 6 x 9. 830 pages, 175 illus., 62 tables. $15.00 
Previously published volumes: 
Volume I: 1951. 6x 9. 858 pages, 78 illus., 110 tables. $12.00 


Volume Il: 1951. 6 x 9. 964 pages, 54 illus., 397 tables. $15.00 


THE LIPIDS—Their Chemistry and Biochemistry. 


In two volumes. 
By HARRY J. DEUEL, JR., Dean, Graduate School, and Professor of Biochemistry, University 
of Southern California, Los Angeles, California. 


Volume I: CHEMISTRY 
6x 9. 1008 pages, 102 illus., 341 formulas, 204 tables. $18.50 


Volume Il: BIOCHEMISTRY 
In preparation. 


To be published in December, 1951 


MEDICINAL CHEMISTRY 
Chemistry, Biochemistry, Therapeutic and Pharmacological Action of Natural and Synthetic Drugs 
By ALFRED BURGER, Associate Professor of Chemistry, University of Virginia. 
Complete in two volumes. 
Volume Il: 6 x 9. 522 pages, 60 tables, 26 illus. $10.00 
Previously published. 


Volume I: 1951. 6 x 9. 595 pages, 58 tables, 14 illus. $10.00 
4 


INTERSCIENCE PUBLISHERS, INC., 250 Fifth Ave., New York 1, N. Y. 
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In An Analytical Balan: 


NO OUTSIDE WEIGHTS REQUIRED 


The Voland Speedigram illustrated exemplifies speed of weigh. 
ing. It is the easiest balance of all to use. 


Speed is Economy .. . only if the necessary accuracy 
and sensitivity are retained. 


Accuracy is reproduceability. 
Built into the Speedigram are both accuracy and speed. 


Ask your dealer to demonstrate this superb instrument ip 
your own laboratory. 


Voland Balances are guaranteed to meet Federal Performance 
Specifications. 


Products of the Finest 
Price —$575.00 in American Ingenuity 
No. 750D Fully equipped and Craftsmanship 
0.05 milligram 
200 gram capacity sensitivity 
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RELATIVE VALUES OF RETENTION OF 
S & S ANALYTICAL FILTER PAPERS 


Accurate Quantitative Analyses 
with S & S “‘Ash-Free’”’ Series 


e Ash content equal to or lower than that of the best 
European double-acid-washed papers @ Ash content 
controlled by strict laboratory supervision ¢@ 8 grades 
from extra dense for the finest precipitates to soft for 
rapid filtration of gelatinous ppts @ Standardized to 
meet individual requirements in work of greatest ac- 
curacy @ Circle diameters 5!/2 cm to 18'/2 cm; weight 
of ash content minus 0.02 mg to minus 0.20 mg for the 
largest. 


For test samples, send information on individual requirements. 


2) sShork Skin 


WRITE FOR LATEST CATALOG 


SCHLEICHER &« SCHUELL CO. 
Keene, New Hampshire 


ALWAYS INSIST ON S & AMERICAN FILTER 
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AMERICA’S FINEST ANALYTICAL FILTER PAPERS | 
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For a lady’s love... 


CH,OHCH(CHOH).CHNH,CHOH 
0 ‘HCI 


d-Glucosamine Hydrochloride (East- 
man 664) is an amino sugar of im- 
portance in nutritional research, but 
there is one eminent biochemist to 
whom it is particularly important. 
He recently confided to us that many 
years ago he bought his wife her en- 
gagement ring with the proceeds 
derived from hydrolyzing with HCl 
the chitin from barrels of lobster 
shells, separating out and purifying 
the d-glucosamine hydrochloride, 
and selling it to us. 


On being ‘‘Practical’’... 
(CH,C.H.0);PO 


Tri-o-cresyl Phosphate (Eastman 
P1517) carries our yellow “Prac- 
tical” grade label, but we are not 
making it from ordinary commer- 
cial mixed cresols. In order to wind 


3 OF THE MORE THAN 3400 EASTMAN ORGANIC CHEMICALS 


up with a true ortho isomer, we start 
from the highest quality o-cresol 
commercially available. On page 2 
of our catalog we say that our “‘Prac- 
tical” chemicals “are considered of 
sufficient purity for the usual labo- 
ratory synthesis.” By that we mean 
that we want you to find you can con- 
sider them so. 


To distinguish aicohols... 
C.H;N :NC,H,COCI1 


p-Phenylazobenzoyl Chloride (East- 
man 5549) is a handy item to have 
on hand if you have much occasion 
to distinguish between higher alco- 
hols. It does double duty. For one 
thing, it adds on readily to alcohols 
to give characteristically colored 


derivatives that locate said alcohols 
in chromatography columns. For 
another, with solid alcohols it forms 
sharply differentiated crystalline de- 
rivatives. It’s particularly useful for 
distinguishing between the numer- 
ous tocopherols—a subject on which 
the vitamin side of DPi has had a 
great deal of experience. Literature 
gladly supplied. 


Don’t forget, there are more than 
3400 other organics available to you 
from Eastman. Chances are the ones 
you need are in our List No. 37. If 
you don’t have a copy, there’s one 
waiting for you at Distillation Prod- 
ucts Industries, Eastman Organic 
Chemicals Department, Rochester 3, 
N. Y. (Division of Eastman Kodak 
Company). 


Eastman Organic Chemicals 


for science and industry 


Also... vitamins A and E.. . distilled monoglycerides ... high vacuum equipment 
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the only new type 
stirrup arrestment* 


So many are claiming newness, we suggest a 


careful comparison, before investing in new 
balances. 


Refinements occur regularly, but a basic new 
principle has been engineered by ABC. 


ABC has given you, what no other maker has 
to offer—a stirrup arrestment that eliminates 
pointers kicking and the beam releasing im- 
properly. This and its inherent construction 
guarantees no dust or atmospheric sediment 
lodging in the contact points as happens in the 
ordinary Vee type yoke arrestments. 


See this and other ABC Balances at 
Booth #248, New York Chemical Show. 


Consult your Dealer for ABC Analytical, Semi-Micro 
and Heavy Capacity Balances to meet your requirements. 


* Patent Applied For 


loo Mg. Sensitivity 


TYPE AN-2012 with vinyl cover........ 
200 Gram Capacity 


_ AMERICAN BALANCE CORP, 


POTTER AVE., NEW ROCHELLE, 


A es Special Type Detergent 
ORONOX 


Rust Inhibitor—Removes and prevents rust 
Cleans and Brightens Instruments like new 


Harmless to hands 


Eliminates tedious scrubbing 
Leaves no film 


Write for Sample 
1'/, lb. box $1.95 


The Best Detergent, Wetting Agent and Rust Inhibitor on the Market 


AMEND DRUG & CHEMICAL Co., INC. 


117-119 East 24th Street 


New York 10, N. Y. 


| 
: 
Th 
— 
C. 
fw yo’ 
| 
pS 32 JOURNAL OF ‘AL ED ER, 
Cc UCATION, NOVEMBER, 199 Pieq, 


(NIGHT= WARE 


CHEMICAL EQUIPMENT 


The Size and Type 


You Need 
In Acid Proof Equipment 


Because most Knight-Ware 
Equipment is handmade to 
order, special shapes and sizes 
can be made at relatively low 
cost. Sinks for example; from 
the smallest corner sinks to the 
nl largest types, all are formed 

in one seamless, jointless piece. 
Back, drain boards, apron and 
outlet are molded in one in- 
tegcal unit with no seams, 
joints or packing to maintain. 


This special corrosion 
proof ceramic does not depend 
on a glaze for protection. The 
attractive red-brown finish is 
merely a fusion of the surface 
for appearance only. Whether 
it be sinks, sumps, troughs, 
drain lines, tanks, fume ducts, 
filters or special equipment — 
Knight-Ware in any form is 
corrosion proof throughout its 
entire body, 


Submit your requirements 
for acid proof laboratory equip- 
ment to the company with 
almost half a century of know- 
how in making quality chem- 
ical stoneware. Write for your 
copy of Bulletin No.5-Y,Lab- 
Oratory Equipment. 


MAURICE A. KNIGHT 
211 Kelly Ave., Akron 9, O. 


MEET THE NEW 
POLARIZING 


@ STAND. 
M | C 0 C 0 P E OBJECTIVES 


@ SIMPLE GRADUATED 

ow ROTATABLE STAGE 
y ery @ PINHOLE OR TELESCOPIC 
EYEPIECE FOR VIEWING 


INTERFERENCE FIGURES 
0 @ BUILT-IN ILLUMINATION 
WITH DISC DIAPHRAGM 
APERTURE CONTROL 


RYSTALLOGRAPHERS, chemists, pet- 

rologists . . . here is the laboratory and 
teaching instrument you have been looking 
for. It’s the AO Spencer P45 Microscope, 
suitable for powers up to 430X, numeral 
apertures up to 0.66. The built-in polarizer and 
removable body tube analyzer are of precision 
optical-quality polaroid. All standard AO com- 
pensators are accommodated. 


Although simplified in construction 
and operation, the P45 retains 
highest-quality AO Spencer optical 
and mechanical features through- 
out. See it at your first opportunity. 
You'll be amazed at the price—a 
fraction of the amount you would 
expect to pay. For further informa- 
tion, write Dept. Y67. 


INSTRUMENT DIVISION « BUFFALO 1, NEW YORK 
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MULTI-OUTLET STRIP 


Six outlets in a 36” case 


Invaluable in laboratory or classroom, the 
Eberbach Multi-Outlet Strip has 6 stand- 
ard electrical outlets 6” apart in a 36” 
metal casing. Increase your outlets with- 
out additional permanent wiring. The 
M-O Strip mounts on wall or side of a 
table or can be placed in middle of a table. 
Finished with black wrinkle. Equipped 
with a 5’ heavy duty cord and plug. Cat. 
no. 31-864 sells for $9.00. Request Bul- 


letin 140-D. 
SCIENTIFIC 
INSTRUMENTS 
Q p €-OPPARATUS 
CORPORATION 


ANN ARBOR. MICH. 1049 


COLD LIGHT BALANCE LAMP 
designed for analytical balances 


EBERBACH 


The Eberbach Balance Lamp is 
built for analytical balances—to 
give complete illumination, speed 
weighings, reduce errors, prevent 
eyestrain. This lamp has excellent 
ventilation to dissipate any possible 
heat build-up. Rubber feet raise 
the lamp, and louvres on top permit 
complete circulation. Streamlined 
in appearance. Finish, — black 
wrinkle; overall measurements, 
18'/.” long by 4'/2” wide by only 
15/,” high. For 115 volt, 60 cy. 
AC. Price is $17.50. 


SCIENTIFIC 
INSTRUMENTS 
Q £-APPORNTUS 
CORPORATION 


ANN ARBOR. MICH.. ESTABLISHED 1949 


effectively with a semimicro or a macro scheme. 
manual accompanies the text. 


Garrett-Haskins-Rubin-Verhoek: 
Chemistry for the Laboratory 


A new workbook designed to accompany the popular Mack-Garrett- 
Haskins-Verhoek’s “Textbook of Chemistry.’”’ Places more than 


usual emphasis on oxidation and reduction, relates properties of ow 
the metals and their compounds to atomic structure. Introductory Chicago 16 Columbus 16 
discussions and well-developed questions with each experiment. aos a Toronto 5 


NEW BOOKS 


Garrett-Haskins-Sisler: Essentials of Chemistry 


A thorough, up-to-date course in chemistry usable by non-science majors. 
Atomic structure introduced early and used as guide to discussion of 
elements and compounds. Attractive illustrations, abundant applica- 
tions, thoroughly readable style. Accompanying laboratory manual 
teaches principles, develops techniques. Has at least one experiment 
plus exercises for each chapter. 


Whitehead: Theory of Elementary Chemical Analysis 


A first course in organic qualitative analysis which covers work in 
chemical bonds, complex ions, organic reagents, and colloids. Usable 
A laboratory 
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Beckman 
MODEL METER 


A compact highly accurate pH meter, featur- 
ing full A.C. operation. Built throughout to 
the high Beckman standard of quality, con- 
venience and dependability. 


@ Full vision panel 
@ Convenient electrode connections 


Compact, complete ready to plug into any 
110 volt A.C. line. 


Write for Bulletin No. 170-A for complete 
information. 


THE RUPP and BOWMAN COMPANY 
SCIENTIFIC APPARATUS DEPARTMENT 
315-319 SUPERIOR STREET, 
TOLEDO 3, OHIO 


BETHLEHEM PLURO-JAR 
The Vewatile Desiecator 


AREVOLUTIONARY 
IDEA—an efficient 
Desiccator at one- 
third the price. 


For Crucibles— 
the unique 


Shelf. 


For Chemical, 
Biological and 
Metallurgical 


is 7” high with |i 


Specimens of all 
ADJUSTABLE kinds—the 
Cloverleaf and Shelf. 
Flat shelves 3" Patent applied for 


in diameter. 
Send for Bulletin PJ-15. 


BETHLEHEM APPARATUS COMPANY, INC. 
802 Front Street, Hellertown, Pa. 


FULL-CIRCLE 
POLARIMETER 


@ TRIPARTITE FIELD OF VISION 
@ DIRECT READINGS TO 0.05°... 
ESTIMATIONS TO 0.01° 


MICROMETER ADJUSTMENT 
The lew cost includes the complete instru- 
ment with 3 tubes, filters, and fitted cabinet! 


Write today for Bulletin KP-495 
Sold through all leading suppliers. 


‘KERN COMPANY 
Beekman St., New York 
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From our versatile line of high quality 


ACY PALO LABORATORY STIRRERS 
. with COMPLETE Speed Control 


GEAR DRIVE STIRRER 


A gear drive stirrer with full 
speed control, reliability at 
slow speeds, ample power 
and sturdy construction: 


e Rheostat speed control 
e 0 to 833 RPM 

e 1/100 HP 

e 6:1 gear reduction 

e Torque 0.5 in. lbs. 

e Continuous duty 


Write for 
descriptive 
Bulletin 
7404R. 


e Stainless steel mounting 
rod 


e 4" true running chuck 


e Can be mounted on any 
laboratory support 


e 110 volts, AC-DC 


Formerly Palo-Myers, Inc. 


DIRECT DRIVE STIRRER 
One of the most powerful laboratory stirrers 
available—a sturdy, direct drive stirrer offer- 
ing the power and stamina necessary for the 
heavier stirring applications. Can be used 
for many semi-industrial jobs. 


© 1/12 HP motor. 

© Table-top speed 
control rheostat. 

® 0 to 5000 RPM. 

© 5/16” true 
running chuck. 

® Continuous duty. 

Stainless steel 
mounting rod. 

@ Used with any 
laboratory support. 


Model 7605E 


@ 110 volts, AC-DC. 


SEE OUR DISPLAY: 
Booth 669 at the Show. 


See Your Regular ay al Dealer 
or Write Directly to 


LABORATORY SUPPLIES, In. 


81 Reade Street, New York 7, N. Y. 


Write for 
Descriptive 
Bulletin 5404R. 


G. Brooks King ¢ William E. Caldwell 


THE FUNDAMENTALS 
OF COLLEGE CHEMISTRY 


Within its 544 pages this scholarly and comprehensive text 
covers every basic fact and principle of chemistry. A large 
number of examples are explained step by step in a clear, 
logical manner. In order to lend variety to the course, 
theory is interspersed with descriptive matter. 


Otto F. Steinbach @ Cecil V. King 


EXPERIMENTS IN 
PHYSICAL CHEMISTRY 


The number and variety of experiments in this new manual 
are such as to provide adequately for the needs of different 
classes and to employ profitably the equipment found in 
different laboratories. The demands for apparatus are 
modest. 


Allan R. Day 


ELECTRONIC MECHANISMS 
OF ORGANIC REACTIONS 


Based on the results of recent investigations, this unusual 
book systematizes organic chemistry through the use of 
electronic mechanisms. Emphasis is placed on why and 
how reactions take place. This approach reduces the 
memory work required of the student. 


American Book Company 


55 Fifth Avenue 300 Pike Street 351 East Ohio Street 
New York 3, N.Y. Cincinnati 2, Ohio Chicago 11, Iinois 


BUFFER TABLETS 


always accurate 


PRECISE ... Coleman Buffers are accurate, because 
they are always fresh. These dry tablets can’t deteri- 
orate and change pH as liquids do... Certified 
Buffer Tablets are accurate to 0.02 pH at all times... 
available from 2.00 pH to 11.80 pH in steps of 0.20 
pH... each tablet makes 100 ml of buffer. 


CONVENIENT... You can store a wide range of 
Buffer tablets in a small space... and have fresh, 
accurate buffer always at hand. 


ECONOMICAL . . . Low initial cost, and freedom 
from spoilage make Coleman Certified Buffer tablets 
the economical, dependable way to use buffers. 


For full details write for Bulletin BB-205 
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ELECTRONICALLY REGULATED 


FOR TURBIDITY MEASUREMENTS, 
SULFATE DETERMINATIONS, AND 
SPECIAL APPLICATIONS 


Modern in design and oper- 
ating principle, the Hellige Tur- 
bidimeter does not require 
standard suspensions or long 
cumbersome tubes. Accurate 
readings can be made rapidly Em 
by those without technical § 

training. 
© INPUT: 105 to 125 VAC, 50-60 cy Precise determinations are 
@ OUTPUT #1: 200 to 325 Volts DC at performed in the ranges of zero 
100 ma regulated to 150 p.p.m. SiO2 and zero to § 
@ OUTPUT #2: 6.3 Volts AC CT at 3A 100 p.p.m. SOs. Higher values & 
vareguicted are determined by diluting the 
e@ RIPPLE OUTPUT: Less than 10 milli- r 
volts rms 
For complete information write for Bulletin H§ 


LAMBDA ELECTRONICS 
CORONA NEW YORK 


Versatile NYLAB T-Channel Sets are 
extraordinarily convenient—easily 
adjustable to accommodate the most 
complex assemblies — designed to 
facilitate addition or removal of 
rods in seconds without disturbing Se: 

existing setups. All parts are cor- . NYLAB SET No. 1 NYLAB SET No. 2 
rosion resistant. Square horizontal (3’ x 3’) (4” long x 5” high} 
bars remain rigid — will not sag Catalog No. 84600 Catalog No. 84602 


under apparatus load. TWO-DIMENSIONAL SUPPORT — Complete $18.00 THREE-DIMENSIONAL SUPPORT—Complete $43.50 


Visit us at the Chemical 

Drier yew requirements today. Show—Booth 346, 
rite for descriptive literature Grand 

covering both sets, all parts and ee ee 

Gccessories in open stock. 


76 Varick Street New York 13, N. Y. 


Please mention CHEMICAL EDUCATION when writing to advertisers 37 


— 
§ 
\ TURB 
POWER SUPPLIES 
MODERATELY 
PRICED 
68 
DEPTH 6” 
WEIGHT 17 LBS. | 
p 
end for Catalog No. GUU00-A 
s 
> 
| 
sause 
eteri- 
tified 
0.20 
e of 
fresh, 
>dom 
iblets 
Wiis Wf N 
‘ coz, INC. 
BER, 


Self- -Pum 
Angle Hea ping Still 


SCIENTIFIC GLASS APPARATUS CO, Ine 


LABORATORY APPARATUS - INSTRUMENTS - CHEMICALS - GLASSWARE — 


Heavy Movable Laboratory Table by ‘““LABCONCO’”’ 


Movatle Table Complete 
— T Line of Laboratory Carts 


Now you can roll 1] square feet of work- 
ing space around your laboratory—loaded 
with 500 pounds of equipment. Lock the 
casters, and your movable table becomes as 
solid as any unit in your laboratory. 


Supporting frames are 1%” square tub- 

ing, welded into one piece. Table top is 

No. 1800. .26” x 60” x 34” high. . $137.50 of %” special asbestos lumber, highly com- 

No. 1800A.26” x 48" x 34” high. . $125.00 pressed, treated and polished. Will with- 
Also available with top and shelf material of stand acids, alkalies, heat, and shock. 


sheet steel, stainless steel, or bolted laminated 
maple. Write for prices. 


This sturdy table is only one unit in 
“Labconco’s” complete line of carts for lab- 
oratory or classroom. Write today, direct 
to the manufacturer for pictures, prices, full 


details on the carts you need. 


ABORATOR 
115 HOLMES ST. 
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ard size knockouts provide entry for 
B-X cables, and convenient screw terminal 
boards make electrical connections easy. 
Complete descriptive bulletin is avail- 
able on request. 


Flexible Heating Tape 


Scientific Glass Apparatus Co. Inc., 
Bloomfield, New Jersey, announces a new 
Flexible Heating Tape for smal] glass 
vessels of standard or odd shape—such as 
Portable Electric Oven Lower priced are two simplified relays, distilling or fractionating columns. 

: : Models E-2 and E-1. Similarly to Model The chief advantage claimed for this 

A new low-priced portable electric eed E-3, these relays provide completely sealed tape (designed to operate at “black heat’’) 
with a temperature range of 100° to contacts and means for easily changing is the fact that it produces high wattages 
90°F. has just been announced by from normally on to normally off opera- without excessive heating of the wire. 
Grieve-Hendry Co., Ine. Called the tion. Being well below the glow point, it elimi- 
Model HT, it is recommended by the All three units are carefully engineered nates the danger of fire in the presence of 
manufacturer for processing at the higher for mechanical ruggedness and conveni- inflammables. This is possible only be- 


temperatures required for stress relief. ence of installation and operation. Stand- cause of its unique construction which 
This oven features uniform temperature 


throughout. Construction permits the 
nesting of one oven on top of another. 
They can be used in groups or banks and 
can be operated individually or selected 
ovens in the group can be cut out or heated 
at different temperatures. 


By any standard of com- 
parison Tygon flexible-plastic 
Laboratory Tubing stands 
head and shoulders above the crowd. It is clear, for solution 
visibility; flexible, for ease in handling; tough for extra long life. 
It is chemically inert, and non-toxic. And available in a range of 
sizes to meet every laboratory need. 


In performance records made . . . in opinions of laboratory 
technicians everywhere . . . it is tops. 


Construction is heavy gage steel with i 5 

fibreglass insulation. It will operate 5 AT YOUR LABORATORY SUPPLY DEALER OR WRITE 
from any 110-volt outlet. No special ) THE U. S. STONEWARE CO. © AKRON 9, OHIO 
wiring is required. Thermostat, outside 5Sc 
reading thermometer, pilot light, drip 
pan, and lower shelf are standard equip- 
ment. Additional removable shelves and 
oven stand are available. 

Size is 30 in. wide X 25 in. deep X 24 in. 
high, outside. Inside dimensions are 22 
in, wide X 18 in. deep X 16 in. high. 

Full details may be had by writing the 
manufacturer Grieve-Hendry Company, 


Ine., 1101 N. Paulina St., Chicago 22, Illi- 
nois, 


Electronic Relays 


Three new Electronic Relays, designed 
to meet specific laboratory performance 
and price requirements have recently been 
introduced by the Emil Greiner Co., 
ty N. Moore Street, New York 13, 

Model E-3, one of the new relays, is 
tlaimed to be the only one with d.-c. con- 
ttol, which eliminates pickup and capaci- 
tive effects, permitting the use of unlimited 
kngths of leads. In addition, this model 

an isolating transformer which permits 
full freedom in grounding either side of 
line or contro} circuit. 


: 
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Ashless 
Filter Papers 


There are six grades of WHATMAN 
Filter Papers that have been washed 
in HCI and HF to reduce the ash to the 
point where it can be ignored for 
most analyses. 

No. 40 is the general purpose 
grade for precipitates of medium 
fineness. 

No. 41 is open, rapid filtering 
intended for coarse or gelatinous 
precipitates. 

No. 41-H is similar in filtering 
speed and retentiveness to No. 41 
but hardened for wet strength and 
resistance to washing. 

No. 42 is close textured, therefore 
not rapid filtering, but retaining prac- 
tically all precipitates. 

No. 43 is No. 40 washed with 
solvent to make it fat free. 

No. 44 is thin with low ash, reten- 
tive and used when minimum absorp- 
tion of the filtrate is essential. 

WHATMAN Filter Papers, Extrac- 
tion Thimbles and other products are 
available promptly from all dealers 
in laboratory apparatus. 


H. REEVE ANGEL & CO., INC. 


52 Duane Street, New York 7, N. Y. 


FILTER PAPERS 


BARNSTEAD 
DEMINERALIZERS 


PROVIDE LOW-COST 
PURE WATER 


for Electroplating © Anodizing 
© Photographic Solutions 
© Salt-free Rinse Water ¢ Silvering 
And Hundreds of Other Applications 


| 
| 
| 


Barnstead Four-Bed Four-bed Barnstead Demineralizer 
Demineralizer provides pure produces pure, sparkling-clear rinse 
water for hot seal tank in water for pharmaceutical plant. 


anodizing. 30 gal/h. gal/h. 


Two-bed Barnstead 
Demineralizer. Used in 


plant. 


Four-bed Barnstead Demineral- 
izer providing pure, high resistance 
water for electronic mfgr. 1000 gal/h. 


Selection of the best size and type of demineralizer for 
your operation depends on the nature of your — 
water supply, flow rate needed, daily demand, and 
degree of purity required. Send a sample of your 
water to our Laboratory and Barnstead Engineers will! 
perform the necessary analysis without obligation. 


PROMPT DELIVERIES WRITE FOR FREE CATALOG 
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intilizes a large amount of wire in a com- 
paratively small area. : 
The tape consists of resistance wire 
hovered with a double insulating sheath of 
White braided fiberglas yarn—complete 
with lead wires for connection directly to 
i10-volt current. Tape also can be made 
to operate on 220-volt current. Constant 
temperatures may be maintained by use of 
voltage regulator. 

Flexible Heating Tapes are available in 
three standard lengths—2 ft., 4 ft., and 6 
ft. (Wattage: 115, 190, and 275, respec- 
tively.) The standard width is '/: inch, 
but any width from '/, to 2 inches may be 
had. Other size tapes can be made to 
meet special requirements. Wattage 
varies with the width and length. 

For further information write to Scien- 
tific Glass Apparatus Co., Inc., Bloomfield, 
N.J. 

New ““Projectomatic’’ Balance 

Latest addition to the line of com- 
pletely redesigned Christian Becker Bal- 
ances is the ‘“Projectomatic’”’ model AB-1. 

Although designed for fast repetitive 
weighing the Balance is ideally suited to 
regular Laboratory work. It is the only 
Balance of this type with double pans 
making taring (compensating for con- 
tainer weight ) possible. 


ft 


Projection is accomplished through a 
new optical system of special precision- 
ground lenses developed through more 
than 2 years of experimentation and re- 
search. The result is a clear sharp image 
onscreen which is scientifically positioned 
for ease of readability. A lamp behind 
the heat-insulated back panel is projected 
through a transparent microscale. The 
light is automatically switched on and off 
a8 the beam is released and arrested. A 
Vernier on the screen provides direct and 
Positive readings from 1/1) mg. to 100 mg., 
each side of the center zero. 

_ Automatic dampers at each end of the 
beam arrests oscillation quickly, further 
speeding a positive reading. 

The new “Projectomatic’” also has ad- 
vantages common to all the new Christian 
Becker metal-cased Balances: Improved 
lighting and less eye strain in the tapered 
‘ase, greater working access, less reflection 
and background distraction, improved 
team arrestment that stops knife-edge 
dulling, greater stability through func- 
“onally engineered interlocked metal case 
construction of rigid long-life nonmag- 


Sarnstead 
Jsed in 


plant. 
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netic aluminum, built-in vibration elimi- 
nators, individual pan arrests, and modern 
design that is easier to keep clean. 

The Balance is currently in production 
at the Christian Becker division of the 
Torsion Balance Company in Clifton, 
New Jersey. 


New Fluorescent Illuminator 


A greatly improved balance illuminator 
has just been announced by the Meyer 
Scientific Supply Company, Inc. 

The ballast (a special choke coil located 
in the housing of every fluorescent light) 
here is located on the wire near the plug. 
With this change in position, the source of 
magnetic interference, constant vibration, 
and cyclical hum are eliminated. Placed 


six feet away from the balance, it can do no 
harm. None of the heat or other emis- 
sion from the ballast can interfere with the 
proper operation of the balance. 

Finished in gray wrinkle, the “Royalton 
Balance Illuminator’ is made with soft 
rubber feet and is set on top of the balance. 
It requires no screws, clamps, or other fit- 
tings to fit any conventional type analyti- 
cal balance. All electrical components 
are Underwriters Laboratory Approved for 
operation on 115 volt 60 cycle a.c. The 
illuminator comes complete with G. E. 
lamp, ready to plug in. 

Additional literature may be obtained 
from Meyer Scientific Supply Company, 
Inc., 215 North Eighth Street, Brooklyn 
11, N. Y. 


YOUR SCHOOL LABORATORY 


_ will benefit substantially from these 


SUPERIOR FEATURES OF METALAB EQUIPMENT 


@ Modern, interchangeable “Sectional Units” @ Built of indestructible 
steel and stone @ Fireproof, waterproof, corrosion resistant, sanifary 
@ Exclusive 7-point “Metcote” Protection. 

@ Though designed especially for schools, this equipment is of the same 

quality as that used in many of the finest industrial laboratories. 


IT’S TIME TO MODERNIZE WITH 


ABORATOR 


240 DUFFY AVE., HICKSVILLE, L.I., N.Y. 
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Give the Practical - - 


Chemical Education. 


A lasting reminder throughout the year of your thoughtfulness and taste. No other gift 
gives so much for so little. A beautiful Christmas card, made from a woodcut of the 
famous painting, ““The Alchemist’’ by David Teniers, the Younger, personalized] with 
your name, will be sent Christmas week to each person for whom you subscribe. 


SPECIAL REDUCED RATE SAVES $ 5 5 5 5 


Money saving Christmas rates now in effect. Use this form to enter your gift subscrip- 
tions at the special reduced Christmas rates—$3.00 for the first subscription and $2.50 


the Useful Gift! 


-- a subscription to the Journal of 


order 


for each additional subscription. You may include your own subscription with a group 


at the reduced rate. This offer expires Dec. 10, 1951. 


JOURNAL OF CHEMICAL EDUCATION . 
20th and Northampton Streets, Easton, Pa. 


Please enter subscriptions to the Journal of Chemical Education for one year for the names 
listed below at the special: reduced Christmas rates. Send Christmas gift announcement 
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cards in my name. [ enclose $—— to cover the cost of subscriptions. 

(] Include my own subscription for one year. 

Signed School 

Firm 

Address 

City Zone State 
name iY name 
school [] school [] 
address address 
city zone___ state city zone_____ state 
name nh name 
school [] school [] 
firm m 
address address 
name name 
school school 
firm firm 
address if address 
city. city. zone____ state. 
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AVAILABLE NOW! 


Send for Your Personal Copy Today 


This 1951 edition of the Merck Labora- _to the latest revisions of ACS purity 
tory Chemicals Price List is filled with standards. Also included are useful sug- 
up-to-date, practical information on  8¢Stions on storage of sensitive fine 
the purity and packaging of over 600 

our local laboratory chemicals dis- 
Merck Reagent and Laboratory Chem- — g-jhor has a copy for you. Why not 
icals. Specifications given for all Reagent send for it today? Or write us directly, 
Chemicals have been amended to conform using the coupon below. 


MERCK LABORATORY CHEMICALS 


MERCK & CO., Inc. 
Rahway, New Jersey, Dept. ED-11 


Please send new 1951 Merck Laboratory Chemicals 
Price List: 


f 


MERCK & CO., Inc. 
RAHWAY, NEW JERSEY Zone...... State 
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Univ. of Colorado *« DePaul Univ. 
Northwestern Univ. « Indiana Univ. + 
Indiana Univ. Center + Iowa State Col- 
lege * Cornell College » Harvard Univ. + 
Brandeis Univ. * Boston Univ. « Univ. of 
Mississippi * Park College + St. Louis 
Univ. « Creighton Univ. + Rutgers Univ. 
Cornell Univ. + Siena College + Elmira 
College +» Colgate Univ. + Utica College + 
Davidson College Catawba College 
Otterbein College Temple Univ. Rhode 
Island State College + Univ. of Utah « 
Middlebury College * Univ. of Washing- 


Univ. of Wisconsin « Univ. of 


British Columbia *« McMaster Univ. 


of schools using 
GENERAL CHEMISTRY 


Albert W. Laubengayer 
Cornell University 
528 pp., $5.00 


“A first year college textbook for science stu- 
dents with considerable emphasis on modern 
concepts of chemical bonding as related to the 
electronic structures of the elements. Indeed, 
the chapter ‘Chemical bonding’ would be useful 
as background material to many scientists whose 
chemical education was received before this field 
was so well developed.’-—-BIOLOGICAL AB- 
STRACTS 


accompany it 


LABORATORY MANUAL and 
PROBLEMS in GENERAL CHEMISTRY 


A paper-bound manual for the use of beginning 
students in chemistry as well as those who have 
had some training in the subject. Blank spaces 
are provided for notes and blank pages for sup- 
plemental experiments and for recording solu- 
tions of the 336 problems contained in the 
manual. The appendix includes a series of 
tables of weights, measures, potentials, con- 
stants, solubilities, and other essential data, in- 
cluding the periodic table. 


RINEHART & COMPANY 


232 madison ave. new york 16 


Acenaphthylene; Acetobromoglucose, Acetonedicarboxy 
3-Acetylpyridine, holt 
Acid; Acridine lydr ochlori iodide, | cle 


Anserine ic Acid; Arachidonic Ac 1-Argi 

o-Arsanilic Acid Acid ‘Atropie Acid cid; Behenic 

benzoxychloride; Carnosine; Catalase cryst.; Acid; 
loroanilidophos. 


Cery!l Alcoholy 
phonic 


tory Hormone; Clupein; Collagen; s-Collidin; Coiumbium Chior! 
Copper Glycinate; Dehydroascorbic Acid; 
Glucoside; Desthiobiotin,. Dialuric Acid, ‘Dibromosalicylaldenvde 
Dihydroxyacetone Phosphate; Diisoprop’ 
Endosuccinic Derivatives; Equilenin; Erucic Acid; 


dl-Ethionine; Eth aacetic Aci hylpyri 


Glyeylleucine, Glycyltry; Glycyltyrosine; Heparin; Hexo- 
kinase; yaluronic Acid; 4-Hydroxyacridine; 8-Hydroxyglutamic 
Ase a-Hydroxyphenazine; 12-Hydroxystearic acid; lod 


vlic Acid, 


ide; Adenosine 


Acid; p-Chloromercuribenzoate Esters; Circula. 


loacetami 
Acid, Isoascorbic Acid; Isocitric Acid; 


ic Acid; Leucylglycine; Leucyltyrosi 
ri Amide Margatic oy Menthol 


ide; 

B-Methylcrotonic Acid; 3-Methyl- 
cytosine; Methylnonylketone; 8-Naphthaleneacetic Acid; N-Naph- 
thyl-N’-dieth Naphthy! Red; Neurine Bromide; 
Nitrosomethylurea; Nordehydroguaiaretic Acid; Osmic Acid; Para- 
banic Acid; Penicillinase; Peroxidase; Phenolohthalein Glucuronide; 
Phenylpyruvie Acid Acid; Pregnenolone; 
Protocatechuic Acid, P y Pyrimidine; Reductic 

Acid; Sodium Amide; hingomyelin; Sphin- 
gosine; Stilbamidine; Sulfaquinoxaline; Tantalum Chloride; o-Ter- 
phenyl; m-Terpheny!; 
«Tocopherol; 8-focopherol Phosphate; -Tocopherol Phosphate; 
Tropic Acid; ~ ease cryst.; Uridine; Uro- 


DELTA CHEMICAL WORKS 


B-Mercaptopropionic Acid; Mescaline Sulfate; Mesocystine; 


7 P-Terphenyl; Thiomalic Acid; {8-Tocopherol; 
Acid; Vitamin 


Ask us for others! 


23 West 60th St. New York 23,N.Y. 
Telephone PLaza 7-6317 


LOOSE PLATE « TABLE TYPE 


COMPACT 


DESIGN 


Coors PORCELAIN COMPANY 
GOLDEN, COLORADO 
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LIGHT WEIGHT 


WELL BALANCED 
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Laboratory 
Equipment and 
Apparatus 


FOR INDUSTRIAL, CHEMICAL, MEDICAL AND 
RESEARCH LABORATORIES 


e AUTOCLAVES @ INCUBATORS 

e@ OVENS e BATHS 

@ STERILIZERS @ ANIMAL CAGES 
@ WATER HEATERS 
@ HUMIDITY CABINETS 


Acme have been designers and manufacturers of fine 
equipment and apparatus for more than 25 years. 


Ali inquiries for new and special equipment 
are welcomed and will be given prompt 
attention by our engineering department 


WRITE DEPT. N FOR OUR CATALOG 


Acme Laboratory Equipment Co. 


IN 506 West 124th St. New York 27, N. Y. 


(Mass Spectrometer Checked) 


RARE GASES 
HELIUM NEON ARGON» KRYPTON XENON 


Linve Rare Gases are mass spectrometer checked to 
assure you gases of known purity and uniformly high 
quality. Available in’ commercial-size eylinders and 
glass bulbs. 


Linbe, the world’s largest producers of gases derived 
from the atmosphere, can meet your individual needs 
of purity... volume... mixtures... containers... 


LINDE AIR PRODUCTS COMPANY 


A DIVISION OF 
UNION CARBIDE AND CARBON CORPORATION 


30 East 42nd Street [4 New York 17, N.Y. 
in Canada: Dominion Oxygen Company, Limited, Toronto 


The teem “Linde” fs girepistered trade-mark Union Carbide and Carbon Cerporation 


--- for rapid, accurate preparation 

of Volumetric Solutions. 

... Laboratories requiring speed and accuracy are 
using Acculute with excellent results. 


ACCULUTE SAVES TIME — Open the ampoule — transfer the con- 
tents to a volumetric flask — dilute to volume (1000 ml) — your 
volumetric solution is prepared. 

ACCULUTE IS RELIABLE — Close control of the special manufac- 
turing processes insures uniformity of the product. Acculute 
does not vary in chemical content — you can depend on it. 
ACCULUTE IS ACCURATE — Each ampoule contains the preci 


se 

concentrated equivalent of the normality stated on the label. 
There is no need for subsequent standardization. 

Caustic solutions are supplied in wax 
chemically resistant glass. 

Complete instructions for preparing Acculute solutions are 
furnished with each unit. 

A special bulletin, listing Acculute concentrates with prices 

discounts will be sent on request. 


pe TEST 
PAPERS 
Simple 
Rapid 
Accurate 


others in 


Accutint is simple to use — just place a strip of the paper in contact 
with the substance to be tested and compare the color of the exposed 
portion with the master colors on the vial. 

Accutint is rapid—it gives immediate results—no calculations are 
necessary — visual color comparison indicates the pH value. 

Accutint is accurate—to 1 pH in the wide range paper and to 
0.3 pH in the fractional range. Wide range papers are recommended 
= the pH > not pn to be within the — of a frac- 
tional range paper. Fractional range papers are © greater ac- 
curacy after ike range has been determined: 
$-65277 ACCUTINT TEST PAPERS. Packed pF ya vials, each vial 
contains five is or 100 strips. Color chart instructions are in- 
cluded with each vial. Per Vial .. $0.6 
Per 72 Vials 10% Discount 
$-65278 MASTER COLOR CHART. Illustrates color standards and read- 
ings for every pH value in each of the twenty-three wide and frac- 
tional ranges. Chart helps in the selection of the most suitable ranges _ . 
or papers for a specific purpose. Each $1.00 


SARGENT 


SCIENTIFIC LABORATORY INSTRUMENTS - APPARATUS - CHEMICALS 
£. H. SARGENT & COMPANY, 4647 W. FOSTER AVE., CHICAGO 30, ILLINOIS 
MICHIGAN DIVISION, 1959 EAST JEFFERSON STREET, DETROIT 7, MICHIGAN 
SOUTHWESTERN DIVISION, S915 PEELER STREET, DALLAS 9, TEXAS 
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WHAT'S NEW 
in the Second Edition 


POLAROGRAPHIC METHOD OF ANALYSIS 


By OTTO H. MULLER, Associate Professor, State Universitas 
New York, Medical Center at Syracuse University, Syracuse, N. Y, 


In revising ‘‘Polarographic Method of Analysis,’ the author added 
much new material making the second edition virtually a new book. 
It has been completely reset, revised and enlarged to 209 pages. Fol- 
lowing is a list of some of the new material added to this edition: 


CHAPTER I 
CHAPTER II 
CHAPTER III 


CHAPTER IV 


CHAPTER V 
CHAPTER VI 


CHAPTER VII 


CHAPTER VIII 


Discussion of polarization, depolarizers, and sign of electrode potentials. 
Time saving apparatus and recording instruments and their wiring circuits. 


The analytical application of maximum suppression. 

Exaltation of current in absence of supporting electrolyte. 

Kinetic current and three possible ways in which it may be produced. 
Catalytic current and recent developments in this field. 


Electrode deposition of metals from complex metal ions. Reaction of 
organic compounds in unbuffered solutions and demonstration of buffer 
action. In this a suggestion is made about using the method of buffer 
action as a method of the quantitative analysis of non-electroactive sub- 
stance. Influence of temperature and solvent on the half wave potential. 
Reduction of hydrogen ions at the dropping mercury electrode. 


Polarometry is now treated as a separate chapter and has been extended. 


is completely new. It treats such recent developments as differential 
polarography, derivative polarography and oscillographic polarography. 
Also in this chapter are discussed newer developments in electrodes which 
are used for polarographic analysis, such as the multiple dropping mercury 
electrode, the knock-off electrode, and the streaming mercury electrode 
and various forms of platinum electrodes, such as the stationary and 
rotating platinum electrodes, and the by-pass electrode. 


is the old chapter 5, to which have been added method of standard addi- 
tion, method of step quotients, pilot ions, and their use, the electrolysis 
prior to polarographic analysis, the anomolous wave and the protein index. 


In this chapter are discussed the various factors which may cause irregu- 
larities in polarographic curves. Also given is the information which 
makes it possible to characterize any given electrode and to select a capil- 
lary for a dropping mercury electrode with a desirable drop time and 
drop weight. 


An appendiz has been added in which are given the potentials of reference electrodes as well 
as a list of useful buffers for polarographic analysis. Finally, an index has been added which 
should make the book much more valuable than its predecessor. 


illustrated 
Order your copy today from 


CHEMICAL EDUCATION PUBLISHING CO. 


$3.50 


PENNSYLVANIA 
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$3.50 
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Photometers 


Klett-Summerson 


No. 2070 


Designed for the rapid and accurate determina- 
tion of thiamin, riboflavin, and other substances 
which fluoresce in solution. The sensitivity 
and stability are such that it has been found 
particularly useful in determining very small 
amounts of these substances. 


———=KLETT SCIENTIFIC PRODUCT 


ELECTROPHORESIS APPARATUS e BIO-COLORIMETERS 
GLASS ABSORPTION CELLS e COLORIMETER NEPHELOM- 
ETERS e GLASS STANDARDS e KLETT REAGENTS 


You owe it to yourself 
“to just once wear a 


FASHION SEAL 
LABORATORY 


the DuPont development 

has opened new horizons in appa- 

rel... for both wearer and maker, 

1. ORLON hos amazing resistance to 
acids and other chemicals .. . as well 
as dirt, greases, etc.! 


2. ORLON has high resistance to micro- 
 @rgdnisms and insects! 
= 


Ee : 3. ORLON is full bodied... yet won- 

= derfully light in oan 

4. ORLON washes in a wink, dries in 

biink! 

5, ORLON needs no ironing! 

6. ORLON has exceptional ddrobility . . 
wears and wears! 

7. ORLON seams stay smooth end: 3 
straight — no puckering! 

ORLON resists wrinkles! 

— 9. ORLON white stays white! 

10. ORLON disperses perspiration...— 

: keeps you COOL! 

Saves up to $50 a year on laundry 1 


> 


Ask your uniform dealer. For nome 


Ki tt of Fashion Seal dealer, 

4 Manufacturing Co. || §ASHION SEAL UNIFORMS 

179 EAST 87TH STREET, NEW YORK, N. Y. oy oe FIFTH AVENUE, NEW YORK 
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JOURNAL OF 
CHEMICAL EDUCATION 


Despite continually rising costs, the subscrip- 
tion price of the JOURNAL has remained un- 
changed since 1933. On a number of occa- 
sions, when advancing costs made a price rise 
seem necessary, we decided to absorb these 
increases rather than pass them on to our sub- 
scribers. In each instance, action was post- 
poned in the hope that the inflationary trend 
would be reversed. 


With our costs still rising, the Board of Publica- 
tion, at its last meeting, decided it has finally 
become imperative to vote a modest increase in 
subscription rates in order to enable us to give 
our subscribers the same fine JOURNAL to 
which they have become accustomed. 


Effective with the January 1952 issue, subscrip- 
tion rates to the JOURNAL OF CHEMICAL 
EDUCATION will be as follows: 


1 year 2 years 
Domestic and countries in Pan 


American Union............ $3.50 $6.00 
Other countries............... 4.50 8.00 


SPECIAL OFFER 


\ 


Orders for new subscriptions or renewals for one or 
two years will be accepted at the old subscription 
price, if received before December 10, 1951. Such 
renewals will start upon expiration of the present 
subscription, regardless of date. If you wish to take 
advantage of this offer, please use this coupon. 


Journal of Chemical Education 
Easton, Pennsylvania 
For the enclosed $ please accept my subscription 


to the JOURNAL OF CHEMICAL EDUCATION for 
years at the old rates, one year: $3.00, two years: $5.00* 


Firm or coll 


Position or title. 


(CD This is a new subscription [] This is a renewal 


* On Canadian subscriptions, add 50¢ yearly. On 
foreign, add $1.00 yearly. a3 


Especially for 
Chemists .... 


THE CHEMIST John I. Grady, 
AT WORK — John W. Chittum, et al. 


Through this book a student can obtain a preview of the 
whole field of chemistry and select the type of work for 
which he is best fitted. Here are the requirements and 
duties, descri by 53 practicing chemists, of a great 
variety of jobs for the trained chemist in education, research 
invention, the literary field, government laboratories, 
medical technology, and many industries. A useful, prac. 
tical book for student and teacher, vocational counselor, and 
library. Illustrated. 354 pages $3.00 


The Science Counselor says, “A book that can add 
sparkle to your teaching. It brings information of such great 
value to your students that it could well be required reading.” 


DISCOVERY OF 
THE ELEMENTS — Mary Elvira Weeks 


How the chemical elements were discovered, one by one, 
is told here for the first time as a connected narrative. 
These interesting and often exciting accounts, recorded in 
many instances in the discoverer’s own words, not only 
inform the reader of momentous scientific achievements 
but acquaint him with the life stories of men and women 
whose labors have made possible most of the material bless- 
ings we enjoy today. Nearly 350 illustrations provide a 
panorama of chemical history. 578 pages $4.00 


CHEMICAL RUSSIAN 
SELF TAUGHT — James W. Perry 


For the chemist who wishes to read about technical ad- 
vances in Russia in the original Russian, this book provides 
a simple method of studying the language. Dr. Pe 
who taught himself to read Russian, says that anyone wil! 
ing to devote half an hour daily to the task can master it 
adequately in six months. Even though you may want to 
learn only enough Russian to read titles of technical 
articles, this book is a worthwhile investment. 

221 pages $3.00 


THE CHEMICAL ARTS 
OF OLD CHINA — Li Ch’iao-P’ing 


Many of the practical arts which we today call chemical 
industries originated in China. This book written by a 
chemical scholar describes the earliest known methods for 
making paper, metals, ceramics, lacquer, gunpowder, dyes, 
perfumes and cosmetics, vegetable oils, sugars, leather, etc. 
Chemists and students of Chinese arts and crafts will find 
this handsome and profusely illustrated volume — 
reading. $5. 


THE LIFE OF 
IRA REMSEN F. H. Getman 


Besides telling the life story of a great chemist and teacher, 
this parc «yds is a condensed version of the most 
important years in our country’s chemical history. $3.50 


Order these direct from 


CHEMICAL EDUCATION PUBLICATIONS 


2050 Northampton St., Easton, 
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“SPECIALS” FROM WIL 


Unbreakable Washbottle 


Squeeze the flexible sides of this polyethylene bottle, and 
you get a gentle, controlled stream of wash liquid or reagent. 
Handy for accurately filling small graduated glassware too! The 
bottle is unbreakable; odorless; inert to many aqueous solutions, 
strong acids and bases up to about 50° C. Cap fitting is 
made entirely of plastic. 


6569T—WASHBOTILE, with cap fitting: 


: 4 o2. size 8 oz. size 
Each 1.00 1.25 
Doz. 7.50 9.00 


6507T—CAP FITTING only: .75 each, 8.10 doz. 


Flexible Bottles 


Really economical for educational labs, because they don’t 
break. Made of polyethylene, inert to aqueous solutions, 
alcohols, many acids and alkalis. Necks are threaded G.C.M.I. 
No. 400 to take molded polyethylene screw caps. Excellent 
for keeping standard solutions of sodium salts. 


5789T—BOTITLE, with cap, sizes, 


1 oz. 2 oz. 4 oz. 8 oz. 16 oz. 


Each 40 492 53 .68 90 
Doz. 4.32 4.54 5.72 7.34 


5790T—CAPS only: 


Size 20 Size 24 Size 28 
1 and 2 oz. 4 and 8 oz. 16 oz. 


.25 


Doz. 


Glass Marking Pencils 


i 

WON'T SOIL LAB JACKETS] New ccnvenience in mark- 

ing glass beakers, flasks, porcelain crucibles and other smooth 

HEAT RESISTANT LEAD Markings made surfaces. You never need to sharpen or ‘‘peel’’ these pencils. 
these pencils remain distinct and clear, The extra long, thick lead propels and repels automatically, so 


t won't soil lab jacket when clipped ket. 


$1069T—EXTRA LEADS, glass marking, heat Write, wire, phone or teletype Dept. ntact 1, our nearest 
resistant (red or black); box of 4 sticks... ... 15 office-warehouse listed below. 


* ATLANTA 3, GA 
SOUTHERN SCIENTIF 


* BUFFALO 5, SERVING SCIENCE THROUGH SUPPLY 


B US 
UFFALO APPARATUS C _ ROCHESTER 3, N. Y. WILL CORP. 


@ 
he 
ies, 
reat 
ng.” 
in 
nly 
ents 
nen 
ad- a 
ides — “a 
vil 
ical 
y a 
for 
yes, 
etc. 
find 
an 
her, 
10st 
NS @ BALTIMORE 1, MD. 
 WILL°CORPORATION of Md. 
49 


APPARATUS CHEM ED BUYERS’ GUIDE = Seevice 


Great Versatility 


Interchangeable Tops and Bottoms. 
Available in Pyrex Brand Glass 
and Stainless Steel Bottoms. 


Send For Bulletin RF-C 


ACE GLASS INC. 


VINELAND @ NEW JERSEY 
FOREMOST IN STANDARD AND SPECIALIZED 


ORGANIC NITROGEN COMPOUN Ds | 
FUNDAMENTAL ORGANIC CHEMISTRY 
WORK-BOOK OF ORGANICJCHEMISTRY 
Revised: $8.75, 4.50, 1.75 
University Lithoprinters, 
Ypsilanti, Michigan 


RANGE: 

1.2 to 7.5 SPECIFIC GRAVITY 

For the Determination of Specific Gravity 
of 


Minerals—Gems—and other substances 
Write for leaflet HL-C 
R. P. CARGILLE, 


118 Liberty St., 
New York 6, N. Y. 


POLARIMETER TUBES 
and ACCESSORIES for 
GENERAL POLARIMETRY 
INVERSION TESTS 

HIGH TEMPERATURE POLARIMETRY 
CONTINUOUS FLOW 

SEMI-MICRO POLARIMETRY 
MICRO POLARIMETRY 


Write for new list PT12. 


O.C.RUDOLPH & SONS 


Manufacturers of 
Optical Research & Control Instruments 


P.O. BOX 446, CALDWELL, N. J. 


TEACHING POSITIONS 
OPEN IN ISRAEL 


The TECHNION (Institute of Technol- 
ogy) Haifa, Israel, proposes to appoint two 
nore og or associate professors or senior 
ecturers in chemical engineering, one with 
special qualifications and experience in the 
design of equipment, and one with qualifica- 
tions in the theory of unit operations. 

Applicants should have first-rate profes- 
sional and academic qualifications, be willing 
to integrate themselves into the life of the 
country and, in due course, to teachin Hebrew. 

Applications with full details should be 
sent, for transmission to Haifa, to: 

THE ee TECHNION SOCIETY 
54 NASSAU 
NE W YORK 38, N. Y. 


ARE YOU LOOKING 
FOR A PUBLISHER? 


_ policy is to encourage new, unknown writ- 
If you are seeking a publisher of your 

specialized textbook, novel, 

scholarly work, poetry, etc., perhaps we can help 

you. Write for Free Booklet JC C. Address re- 

quest to Mr. Charles Jed. 

Vv ess, Inc., 230 W. 4ist St., New York 18 


when you want Kjeldahl for 
‘our labor val large of small. ‘‘Labconeo" 
in 6-96 flask capacities with 
or electri Separate digestion = dis. 


the laboratories mble, Genenl 
Mills, DuPont, General ~ etc. 
WRITE DIRECT TO THE MANUFACTURER 
FOR PICTURES, PRICES, FULL DETAILS 
LABORATORY CONSTRUCTION Co. 
1113 Holmes Street e Kansas City, Mo, 
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3, 4-Benzp yrene 
1,2,5,6,~Dibenzanthracene 
9, 2-Benzanthracene 


EDCAN LABORATORIES 
South Norwalk, Connecticut 


AMINO ACIDS 
ENZYMES 
BIOCHEMICALS 


Mann Fine Chemicals, Inc. 
136 Liberty St., New York 6, N. Y. 


BROOKFIELD 
Synchro-Lectric 
VISCOMETER 


Makes accurate viscosity determinations. in 
less than 30 seconds — as simply, quickly, 
easily as taking temperature. 


BROOKFIELD 
Counter-Rotating 


MIXER 
| oe concentric, oppositely rotating shafts, 


up to 48,000 — 
cuts” per minute. 
Write for fully descriptive li 


For The Chemist and Engineer 


Sturdy: Low Priced: Weight 12 Ibs. 
Easy to Learn: New Back Transfer 
Device Speeds Up Calculations 


Ask For Bulletin CQ-103 


SOLE DISTRIBUTORS FOR US A 


IVAN SORVALL, INC. 
210 FIFTH AVE., NEW YORK 10, N. Y. 


JOURNAL OF CHEMICAL EDUCATION, NOVEMBER, 195! 


AMINO ACIDS—RESEARCH 


BIOCHEMICALS 
Basic Producers of HYDROXYPROLINE 
PROLINE 
L- and D- ISOME 
Write for our | 
H. M. CHEMICAL CO., LTD. | 
1651—18th St., Santa Monica, Calif. | 


IMMEDIATE 
DELIVERY 
from complete stocks 
Alkaloids 


Natural and Synthetic Amino Acids 
Unnatural Amino Acids 
Biochemicals 
Enzymes and Coenzymes 


Heterocyclic Compounds 
Imines and Amines 
Metalorganics 
Pharmaceuticals 


Purines and Pyrimidines 
Rare Organic Acids and Derivatives 
Reagents 
Sugars and Derivatives 
Vitamins and Derivatives 


17 West on St.. New 


Plara 7-8171 
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FARRAND 
Ultraviolet 
, and Visible Region 


MONOCHROMATORS 


Range 200 to 950 mm 
75 mm Free Aperture f:4 


For spectral analysis concerned with measurements in the ultra- 
violet and visible regions, particularly those involving low light levels. 
The Farrand Monochromator provides unparalleled performance. 
The unusual large free aperture and speed of the optical elements 
afford HIGH dispersion — transmission — resolution — spectral pur- 
ity — and light gathering power. 


Usable in combinati with ies tor tr issi absorp- 
tion, emission, r radiation reflection, fluor phosphor- 
escence, etc. 


Single and double types available. 


Bulletin No. 801 
on request 


PRECISION OPTICS, ELECTRONIC 
AND SCIENTIFIC INSTRUMENTS 


FARRAND OPTICAL CO., inc. 


‘BRONX BLVD. and EAST 238th STREET - NEW YORK 70, N. Y. 
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SEMI-MICRO APPARATUS 


IMPROVED WACO SEPARATOR 
The new WACO is faster . . . has a little 
more power for quicker starting. Inter- 
changeable holders for 75 mm. or 100 
mm. test tubes. It's SAFE for student use! 


No. CE-2314-M. WACO separator, 
For 110 V. 60 cycle. CAST ALUMINUM 
HEAD. With removable tube holders 
for two 100 mm. and two 75 mm. test 
tubes (other selection is permitted). Each $37.50 


The tenth student need not wait ten mirutes 
. . the WACO permits quick stopping 
through slight palm pressure! 


At the price: they class as ‘Non-Returnables”! 
HAND FINISHED Spatulas, perfectly shaped for Semi-Micro 
Qualitative and Organic Chemistry. WACO Monel Spatulas are 
nicely balanced, permanent pieces. Glassware breakage is reduced, 
as is eliminated. 
lo. CE-7027. WACO Monel Spatulas, 175 mm. long, blade 23 X 5 
mm. tapered to 3 mm. width. Slightly dished tip to hold crystals. 
Bottom rounded. In 100 lots. .18 each. $2.25 per doz. 


Beautiful . . . reagent resisting ... strong, Styrene Plastic! Your stu- 
dents take real pride in their own set ... and this stimulation of in- 
terest, through use of this NEW modern tray, means much! 

No. CE-7905. WACO Plastic Tray. For 14 Dropper bottles 15 ry 


No. CE-7905-B. 12 bottles, 30 ml. Each.......... 


%* Write for NEW folder '‘CEJ” listing the supplies you need 
for each text book. Makes Fall ordering easier. 


LABORATORY SUPPLIES AND CHEMICALS 


LKENS ANDERSON 00. 


CHICAGO 51 ILLINOIS 
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LABORATORY DRYING OVENS 


Used AROUND a 
THE 
WORLD! 


U.S.A. e CANADA e MEXICO 

BRAZIL e CUBA e VENEZUELA 

PERU e PHILIPPINE ISLANDS 
INDIA ¢ SOUTH AFRICA 


f Catalog No. 1078 


In educational, industrial, bacteriological and clinical laboratories throughout the world, 
will be found the sturdy, economical Boekel Drying Ovens. Wide-spread use of these 
ovens, is in itself, testimony of their adaptibility and efficient service. 


With an eye toward strength and durability, the oven is built of asbestos transite with a 
welded frame of polished stainless steel. The heating chamber is 10” high x 12” wide x 
10” deep and has a temperature range from room to 180° C. A positive control within 
+ VY C. is achieved by the use of the bimetallic thermostat. Removable heating units, rated 
at 660 watts, are located in the bottom of the working chamber. Each oven is equipped 
with a pilot light and six-foot cord and plug. 


There is a place in every laboratory, anywhere in the world, for the Boekel Drying Oven. 


Makers of Quality Surgical and Laboratory Equipment for over a Half Century 


| 


BOEKEL PRODUCTS ARE KNOWN BY THE TRADE MARK DISTRIBUTED THROUGH LABORATORY SUPPLY DEALERS 


by WML. BOEKEL & CO., INC. 
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He Industrial Laboratory 


Designed particularly to meet the needs of the indus- 
trial scientist, these three machines are valuable assets 


1. MODEL BE CENTRIFUGE equipped with a 
3450 r.p.m. adjustable speed explosion-proof motor, for 
Class I Group D locations. Characteristic capacities: 
11” diameter high-speed perforated basket style head; 
four 250 ml. bottles; eight 100 ml. tubes. Also available 
with 1750 r.p.m. explosion-proof motor for petroleum 
testing. 


2. LABORATORY CHEMICAL CENTRIFUGE. 
For purely scientific or preliminary to large scale com- 
mercial operations. Can be operated continuously and 
has adjustable speeds up to 3600 r.p.m. with 5” dia. x 
2%" deep basket, furnished in manganese bronze, 
stainless steel, rubber-covered steel and Coors porcelain. 


3. BOTTLE SHAKING MACHINE. Produces a 
motion similar to shaking by hand but much more 
rapid and effective. Various interchangeable heads are 
available with capacities up to ten one-liter bottles, 
quart-size fruit jars or other containers of similar shape. 
Of rugged design for continuous operation, the Shaker 
can be furnished with explosion-proof motor if required. 


Send for Catalog C giving full details 
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Workers are kept informed on hazards and safety prac- 
tices through a planned program. 


Supervisors recognize their responsibility to provide 


proper instruction and equipment. 


Modern methods and appliances for handling all oper- 


w 
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Do you have this booklet? 
It describes: 


®@ “How to Prevent Accidents ations are used. 
in the Laboratory” @ 


“How to Avoid a Charge of 
Negligence” 


@ 

First aid and emergen uipment is conveniently at 
@ “Laboratory First Aid and 


Fire Fighting” hand for unforeseen accidents. 


“Safety Equipment Availa- 
ble for Use in Laboratories” 


WRITE FOR FREE COPIES TO— 


Headquarters for Laboratory Supplies 


FISHER SCIENTIFIC COMPAN 


PITTSBURGH NEW YORK WASHINGTON ST. LOUIS MONTREA 
717 Forbes (19) 635 Greenwich (14) 7722 Woodbury 2850 S. Jefferson (18) 904 St. Jame 
(Silver Spring, Md.) 
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